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CHAPTER I
SURVEY OF THE RELATED LITERATURE
INTRODUCTION
For the purpose of evaluating the objectives of sci-
ence teaching an analysis was made in 1932 of the objec-
tives found in fifty-one general science courses of study
1
published since 1925. The results, which revealed a
wide divergence of opinion as to what a science objective
is, are interesting as a diagnosis of the objectives found
in the courses of study then in use. Principles as such
were not stated as objectives in any of the courses of
study.
In that same year, 1932, a report of a committee of
the National Society for the Study of Education was pub-
lished as the Thirty-first Yearbook of that Society under
2 3
the title A Program for Teaching Science . The committee,
after defining the aim of education as Life Enrichment
through Participation in a Democratic Social Order, goes
1
Instruction in Science
,
Bulletin, 1932, No. 17.
Monograph No. 22, United States Department of the Interior,
Office of Education, Washington, D. C.
2
A Program for Teaching Science
,
Thirty-first Year-
book of the National Society for the Study of Education,
Part I, Bloomington, Illinois: Public School Publishing
Company, 1932.
3
-
. 3 v 3 .. v : - . r cr. : -S. \ o: -eu - S to'r
‘i
r
.
y
<
. . :i
•
: 3 S
. i .
..
-::.i • .7 .
'
*
<
•
1
. ;
v-3
e 30 'j
,
r
,
.
1
i. -v
. I
V O-'VJ \ ’S'.CO( •• .V ‘tc 10 7 J re rr i . .
.
\ •
.
: ' oii j ?
. T, . . ; i - ;
\
..
. .
‘ •
.
o'; . t \
"
f. .
:
•
’
.•-!
t .
'
' r
- t
-ov_o
on to explain that
2
Life enrichment is in part, and in large part,
developed from the unders tanding of principles and
generalizations that ramify into human experience.
These principles and generalizations are functional
in that they furnish a background for intelligent
response to stimuli that recur in common unspecial-
ized experience. The understanding of principles
and generalizations comes from the association of
ideas that are developed from experiences. These
understandings are products of the activities of
the school if the ideas from which they are devel-
oped are products of classroom activities. It Is
clear then, that the school will contribute to life
enrichment If its activities are of the kind from
which ideas may be developed and if the ideas may
in turn be associated with principles and general-
izations that are woven into human experience.
In 1938 the Report of the Committee on the Function
4
of Sc ience in General Educa tlon of the Commission on the
Secondary School Curriculum of the Progressive Education
Association stated:
The purpose of general education is to meet the
needs of individuals in the basic aspects of living
in such way as to promote the fullest possible real-
ization of personal potentialities and the most ef-
fective par ticipation In a democratic society. Needs
•arise and work themselves out in living, dynamic
events which can only be described as interactions
between the individual and the social situation.
The committee believes that the needs of the adoles-
cent arise from an interaction between the Individual and
the soc’al situation. The teacher, therefore, must be
concerned with the total situation, including both the In-
dividual and his environment and should have for the aim
Progressive Education Association, Commission on
Secondary School Curriculum, Science in General Education .
pp» 23-25. New York: D. Appleton-Century Company, 1933.
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of science instruction "interpretive understandings" that"
can he formulated in terms of the generalizations which
when learned become incorporated in the individual as
adaptations in personality with resulting intelligent be-
havior.
These three reports have helped teachers of science
to develop their views of the function of science in gen-
eral education, with the emphasis on the functional under-
standing of scientific principles.
SURVEY OF LITERATURE RELATING TO THE DETERMINATION
OF PRINCIPLES AS OBJECTIVES OF SCIENCE TEACHING
The Fifth Yearbook of the Department of Superinten-
5dence of the National Education Association says:
Our knowledge of science to be of the largest
service must be in the form of principles and laws.
Application of our knowledge of science to problem
situations is a deductive process. Faced by a dif-
ficulty we cast about for the law or principle that
applies to it and thus reach a solution. It would
seem that the design of the course in science for
the junior high school should enable the pupils to
have experiences with an attainment of knowledge
of those laws and principles that are socially
worthwhile, and should provide much drill in apply-
ing them to life situations.
This problem has been recognized for the past twenty
years and there has been an increasing focusing of atten-
tion on the importance of principles as objectives in sci-
r»
ence instruction. One of Downing's 0 early studies, made
The Junior High School Curriculum
,
Fifth Yearbook,
department of Superintendence, National Education Associ-
ation, p. 150. Washington, D. C.: National Education
Association, 1937.
sElliot R. Downing, Teaching Science in the Schools
,
p. 53. Chicago: University of Chicago Press, 1925.
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in 1925, formula.tjad these three steps for the solving of
a scientific problem:
(1) accumulation of facts
(2) discovery of the relation and sequence of such
facts reduced to generalizations
(3) discovery of the approximate causes that under-
lie such laws or principles.
In 1928 the position of principles in general science
textbooks was one of minor importance according to the
7findings of the study made by Heinemann who in the analy-
sis of twenty such books found only ninety-three princi-
ples. These ninety-three principles were given little
spatial importance, only a little more than twelve percent
of all reading space. Heinemann recommended placing the
teaching emphasis on a small number of principles with mul-
tiple applications rather than on a large number of princi-
ples with few applications. As a criterion for a principle
Heinemann defines a principle of science as a "statement of
relationship frequently causal in nature between two facts."
In 1934, a list of ninety-six principles considered
necessary in chemistry, physics and biology was drawn up by
Downing8 from a group of masters' theses written at the
University of Chicago. These principles were classified and
arranged in order of importance as determined by the amount
of subject matter needed to make the principle intelligible.
7
Ailsie iL. Heinemann, "A Study of General Science
Textbooks," General Science Quarterly, XIII (Nov. 1928),
11-23.
8
Elliot Rowland Downing, An Introduction to the Teaching:
of Science
, pp. 39-48. Chicago: University of Chicago
Press, 1934.
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5In 1934, Robertson' completed a study to determine
the important principles of science which are suitable as
goals of instruction in elementary science for grades
I -VI
,
inclusive. Studies from both the University of
Michigan and the University of Chicago were analyzed to se-
cure lists of major and minor principles. According to
Martin,
a
group of teachers, members of the Department of
Science, University of Michigan High School, In the Seminar
in the Teaching of Science at the University of Michigan
in 1934 used the following criteria employed by Robertson
for selecting the principles: To be a principle a state-
ment
Must be a comprehensive generalization
Must be true without exception within the
limits tions specifically stated
Must be a clear statement of a process or
interaction
Must be capable of illustration so as to
gain conviction
Must not be a part of a larger principle
Must not be a definition
Must not deal with a specific substance or
variety or with a limited group of sub-
stances or species
Of the 243 principles which the first group of teach-
ers accepted as principles only 113 were later accepted by
a second group of science teachers as being suitable as
goals of instruction in the first six grades.
Martin L. Robertson, M The Selection of Science Prin-
ciples Suitable as Goals of Instruction in the Elementary
School,” Science Education
,
XIX (February, 1935), 1-4;
(April, 1935), 65-70.
10
vv • Edgar Martin, A Chronological Survey of Research
Studies on Principles as Objectives of Instruction in Sci-
ence,” Science Education
,
XXIX (February, 1945), 45-51.
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In the field of chemistry Pruitt 11 made a study to
% determine concepts and generalizations which are of most
distinctive value to man in interpreting his environment.
The study consisted of an extensive examination of over
50,000 pages of material, including several issues of
three popular literary magazines, issues of four popular
scientific magazines and one chemical journal, questions
from three nationally known examinations, numerous hooks
on various phases of science, particularly chemistry, and
one year's issue of several newspapers for principles. By
using the same criteria for a principle as were used pre-
viously by Robertson a final list of 135 generalizations
related to chemistry was formulated with the principles
arranged in the approximate order of their importance.
The criteria for a principle used by Wise12 in his
investigation of. the principles of the physical sciences
are as follows:
; To be a principle a statement must be a comprehen-
sive generalization describing some fundamental
process, constant mode of behavior, or property
relating to natura,! phenomena.
It must be' true without exception within limitations
specifically stated.
It must be capable of illustration.
It must not be a definition.
11
Clarence Martin Pruitt, An Analysis, Evaluation, and
Synthesis of Subject-Matter Concepts and Generalizations in
Chemistry. Doctor's dissertation, Teachers College, Columbia
University, 1935. Distributed through Science Education
.
See
Third Digest of Investigations in the Teaching of Science by
Francis D. Curtis. Philadelphis: P. Blakiston's Son and
Company, Inc., 1939, pp. 153-163.
12
Harold E. Wise, "A Determination of the Relative Im-
^y portance of Principles of Physical Science for General Edu-
cation," Science Education, XXV (December, 1941). 371-379-
XXVI (January, 1942), 8-12.
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In an unpublished Doctor's dissertation, Wise pre-
sents a list of principles arranged in the relative order
of importance for general educa.tion grades I-XIV, inclu-
sive. This list includes principles of' chemistry, geology,
and physics (including astronomy and meteorology) and is a
composite list formulated from the lists of principles de-
veloped by Arnold, Hartman and Stephens, Pruitt, and Robert-
son .
In an investigation of the principles of biological
sciences Martin14 in 1944 used the following criteria for
a principle:
(1) It must be a comprehensive generalization which
resumes the widest possible range of facts with-
in the domain of facts with which it is directly
concerned. The facts resumed in the generaliza-
tion must denote:
a. Objects and/or events and the relation be-
tween them.
b. Properties.
(2) It must be scientifically true. To satisfy this
criterion:
a. It must be verifiable; i.e. it must be stated
so that it suggests, directly or indirectly,
a definite operation of observations or exper-
iments whereby its truth value can be tested
or verified.
b. It must be consistent with the body of accept-
ed scientific knowledge, and except for a. few
limiting or singular exceptions, with all the
data (facts) relevant to it.
13
Harold E. Wise, A Determination of the Relative
Importance of Principles of Physical Science for General
Education. Unpublished Doctor’s dissertation, University
of Michigan, 1941.
14
W. Edgar Martin, "A Determination of the Principles
of the Biological Sciences of Importance for General Educa-
tion, " Science Education, XXIX (March, 1945), 100-105:
XXIX ( Apr i 1-May, 1945), 152-163.
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As a result of his study Martin produced a defensi-
ble list of 300 principles related to the field of the
biological sciences.
In 1S45 Fleish15 analyzed ten textbooks of general
science to determine which of a list of sixty principles
were included in them. This list of principles was made
as a result of a survey based upon the scientific in-
terests of pupils in grades VII-XII inclusive in four
Massachusetts communities and were formulated from ques-
tions contributed by the pupils.
The result of this study showed that most of the
sixty principles were included in the textbooks analyzed
but that they were not clearly stated.
18When Jones made a study to determine the princi-
ples of science found in seven ninth-grade textbooks of
general science 146 principles were found to satisfy the
following criteria:
A principle is a comprehensive generalization which
Is stated positively and definitely
Is true but with rare exceptions within
the limitations set up by the statement
Clearly states or implies a dynamic process
or interaction
Is demonstrable experimentally
Is not merely a definition or a description
Does not deal with specific substances or
varieties
Has meaning outside of the context
Sylvia Fleish, The Formulation of the Science Prin-
ciples That Should Become the Objectives of General Science
Teaching in the Junior High School. Unpublished Master’s
thesis, Boston University, 1945.
16
Ruth V. Jones, A Study of the Principles of Science
Found in Ninth Grade Textbooks of General Science. Unpub-
lished Master’s thesis, University of Michigan, 1946.
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Jones also found a wide divergence in the number and
selection of science principles included in the seven text-
books of general science.
In a lecture given at Belmont, Massachusetts in 1946,
Craig pointed out the value of science in the elementary
curriculum as an aid in the development of desirable so-
cial behavior. He felt that the science teacher should
work to get larger meanings and to have the pupil think
in terms of larger principles.
SURVEY OF LITERATURE PERTAINING TO THE DETERMINATION
OF THE EFFECTIVENESS OF PRINCIPLES IN TERMS OF
RETENTION OF LEARNING
IP
Reek made an intensive survey of studies that showed
the importance of teaching science principles in terms of
retention of learning. These studies, which had been made
by Tyler, Johnson, Wert, Frutchey, Haupt and Croxton, em-
phasized, according to Reek, the idea that the routine
learning of unrelated facts was highly unsatisfactory in
terms of retention. With such a finding, the experienced
classroom teacher would wholeheartedly concur.
A further conclusion made by both Croxton and Haupt
17
Gerald S. Craig, Science Workshop Day, December 10,
1946, Belmont Public Schools, Belmont, Massachusetts. (A
mimeographed report by D. Justin McCarthy, Chairman Ele-
mentary Science Curriculum Committee, Belmont Public
Schools
.
)
18
Doris Lucille Reek, A Study of the Principles of
Science Found in Four Series of Textbooks of Elementary
Science. Unpublished Master’s thesis, University of
Michigan, 1943.
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10
was reported by Reek. This was the statement that children
can generalize on all levels of the elementa.ry school and
hence possess the ability to develop an understanding of
principles if the necessary experiences are provided which
are appropriate for their stage of maturity. This last
point is one of the greatest importance and Reek recogniz-
es that importance by the statement that children of all
ages can generalize effectively if the problems are scaled
to their interest, experiences and levels of maturity.
It is difficult to measure the functional understand-
ing of principles by present inadequate measuring instru-
*i Q
ments. Croxton *" makes it clear that the possession of
knowledge and skill does not insure their functioning in
the possessor’s daily life. For example, a child may
know the principle involved in a situation but that does
not insure that he will use it. Croxton suggests infor-
mal discussion, writing, and reports from parents as pos-
sible means of appraising the functional outcomes of the
teaching of principles of science.
20Downing suggests that the pupil be given such an
understanding of the important principles of science that
he will be skillful in the recall of such principles and
in the application of them when necessary for the solu-
tion of his specific life-problems.
Is
W. C. Croxton, Science in the Elementary School,
P. 82. New York: McGraw-Hill Book Company, Inc., 1S37
20
Elliot Rowland Downing, An Introduction to the
Teaching of Science
, p. S. Chicago: University o!T~
Chicago Press
,
1934.
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1121
when Croxton ' carried, on his series of experiments
that attempted to discover children's ability to general-
ize the results indicated that the superiority of junior
high school pupils over those in intermediate grades in
the matter of formulating and applying generalizations
was little more than might be explained by their added
experience
.
SURVEY OF LITERATURE PERTAINING TO THE DETERMINATION
OF EXPERIMENTS TO BE USED FOR DEVELOPING
PRINCIPLES OF SCIENCE
One of the criteria for a principle according to the
studies made by Wise, Martin and Jones is demonstrability.
Educators are becoming increasingly conscious of the essen-
tiality of laboratory demonstrations or laboratory work
at all levels of education in science.
P?Beauchamp, Mayfield and West a define the ultimate
objective of the learning process to be "the ability to
use generalization in one's daily life." Caldwell and
P'Z
Curtis u also place considerable emphasis on scientific
principles. One of the major objectives of science
teaching as found in Everyday Science -0 is "to develop
_
W. C. Croxton, "Pupils' Ability to Generalize,"
School Science and Mathematics, XXXVI (June, 1936), 327-634.
22 '
Wilbur L. Beauchamp, John C. Mayfield and Joe Young
West, A Study- Bo ok for Science Problems
,
p. iii. Chicago:
Scott, Foresman and Company, 1941.
23 *
Otis W. Caldwell and Francis D. Curtis, Teachers'
Manual and Key to Accompany Everyday Science
, p. 1. Boston:
Ginn and Company, 1946.
24
Ibid
, p. 1.
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understandings of important scientific principles which
the pupils may apply in their everyday lives."
There have been no research studies to determine ex-
periments which may be used in developing the various
principles of science at different grade levels for gener-
al education. However, the criterion of a principle which
presupposes its demonstrability and the inclusion of the
teaching of principles in the list of objectives of sci-
ence teaching found in some textbooks suggest that there
is some teaching of experiments to develop principles of
science
.
SUMMARY OF LITERATURE
The following general conclusions may be drawn from
a review of the foregoing literature:
1. A major goal of instruction in science at all
grade levels of general education is a functional under-
standing of scientific principles.
2. The writings of Downing as early as 1S25 are
responsible for the concept of generalizations as goals
for science instruction in general education.
3. Robertson in 1S34 laid the groundwork for the
later accomplishments of Wise and Martin in compiling
their defensible lists of physica.l science principles and
biological principles, respectively.
4. The development of principles as one of the major
objectives of a program of science teaching for general
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education seems to be justified by the increase in the
learner's ability to:
use principles of science in interpreting the ex-
periences of everyday living
apply principles of science in the solution of
practical problems
retain more effectively the learning of the prin-
ciples of science than of factual matter per-
taining to the same area of science.
5. Fleish and Jones found little agreement among
the authors of textbooks of general science as to the
number, selection and spatial importance of principles.
6. There have been no research studies to deter-
mine the experiments which may be used for developing
the various principles of science at different grade
levels
.
THE PROBLEM OF THIS INVESTIGATION
This investigation is an attempt to determine for a
general science course at the eighth-grade level a com-
posite outline of subject-matter topics for the area Mag-
netism and Electricity
,
the experiments related to the re-
spective topics, and the scientific principles an under-
standing of which should be increased by a discussion of
designated topics and by the performance of designated ex-
periments.
The subject-matter topics, experiments and princi-
ples to be included are those found in sixteen textbooks
of general science and nine laboratory manuals or workbooks
to accompany the textbooks, all of which are readily availa-
ble from the publisher in December, 1946. Ten of the
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textbooks written for the eighth-grs.de level are a part of
a three-book series. The remaining six are general sci-
ence textbooks intended for use in either grade seven,
eight or nine but which are not a part of a three-book se-
ries and are not designated as being written for a particu-
lar grade level. Nine laboratory manuals to accompany the
textbooks are also to be included.
It is undertaken in this investigation to make a de-
fensible assignment to the principles of the experiments
and topics the respective performance and discussion of
which should help pupils of the eighth grade develop an
r
understanding of the principles.
The principles, together with the related subject-
matter topics and experiments that have been defensibly as-
signed to them, will then be validated by a specialist in
the teaching of science.
STATEMENT OF THE PROBLEM
The purpose of this investigation is the determina-
tion of the science principles together with the related
subject-matter topics and experiments for the area Ivlagne t-
ism and Electricity as found in nine laboratory manuals or
workbooks of general science and sixteen textbooks of gen-
eral science, ten of which are written specifically for
the eighth-grade level, and the defensible assignment of
those experiments and topics to the principles they repre-
sent
.
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CHAPTER II
THE RESEARCH: PART I
INTRODUCTION
There are several parts of the research for the deter-
mination at the eighth-grade level of a composite outline
of subject-matter topics for the area Magnetism and Elec-
tricity with related experiments and scientific principles,
an understanding of which should be increased by a discus-
sion of designated topics and by the performance of desig-
nated experiments. These several parts include: the se-
lection and amassing of textual materials, the analyses of
sane and the validation and evaluation of the results.
STATEMENT OF THE PROBLEM
The purpose of this part of the investigation is to
determine the inclusion and exclusion of the topics Magnet-
ism and Electricity in sixteen textbooks of general science
suitable for use at the eighth-grade level and to determine
the spatial importance given by the authors to the topics
Magnetism and Electricity .
DETERMINATION OF THE CRITERIA' USED IN THE SELECTION OF
TEXTUAL MATERIALS
In the selection of the textual materials in science
to be used in this investigation the following criteria
.0 : .
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were used: To be used in this investigation the textbook
^ in general science as well as its accompanying teacher's
manual, laboratory manual or workbook must be one which
has been written specifically for use at the
eighth-grade level; or
has been written for the junior-high-school
level but for no designated grade level; or
ha.s been written to present to teachers
professionalized subject matter suitable
for general science at the junior-high-school
level;
has been published by a well-known publishing
house;
was readily available from the publisher in
December, 1S46.
The following textual materials satisfied these five
criteria and were obtained for use in this investigation:
Five textbooks of general science intended for
use at the junior-high-school level but for
no designated grade level
Ten textbooks of general science written spe-
cifically for the eighth-grade level
Nine laboratory manuals or workbooks to accom-
pany the textbooks
Twelve teacher's manuals to accompany the text-
books
One textbook written to present to teachers
professionalized subject matter suitable
for general science at the junior-high-
school level.
The textbooks selected were coded thus:
a. Textbooks of general science for no
designated grade level: A, C, D, E, F
b. Textbooks of general science written
specifically for the eighth-grade level
of general science: G, K, I, J, K, L,
M, N, 0, P
c. Textbook of professionalized subject
matter suitable for general science at
the junior-high-school level: B.
The textbook of professionalized subject matter suit-
able for general science at the junior-high-school level
]| % ’"There is a special section of the bibliography for
these coded textbooks.
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will henceforth in this investigation he considered to be
a textbook of general science for no designated grade level,
grades VII-IX, inclusive.
Furthermore, for the purposes of this investigation-,
each textbook is hereafter referred to by its code letter.
Whenever a laboratory manual or workbook to accompany any
of these textbooks was available it was procured. Any
analysis of a textbook included an analysis of such manu-
al or workbook. For the purposes of this investigation
the manual or workbook was considered an integral part of
the textbook it accompanied in accordance with the author's
apparent intent. Therefore, any finding whether made from
the textbook or made from its accompanying laboratory manu-
al or workbook was considered to be made from the textbook
and was so credited.
ANALYSIS OF TEXTBOOKS FOR THE DETERMINATION OF THE GRADE
PLACEMENT OF THE TOPICS MAGNETISM AND ELECTRICITY
Each of the sixteen textbooks of general science se-
lected was examined for inclusion of the topics Magnetism
and Electricity in a general science course at the eighth-
grade level.
The code letters of the various textbooks were listed
on a large card. As each piece of textual material was ex-
amined a notation was made on the card to show the inclu-
sion or omission of the topic Magnetism and the inclusion
or omission of the topic Electricity .
Table I w^hich follows shows the results of the analy-
sis of sixteen textbooks of general science for inclusion
of the topics Magnetism and Electricity .
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Findings Table I. Table I shows that both the topics
Magnetism and Electricity were included in all six of the
textbooks of general science. However, only seven of the
ten textbooks of general science written specifically for
the eighth-grade level included Magnetism , only eight in-
cluded Electricity
,
and only seven included both Magnetism
and Electricity . Two of the ten books included neither
t
Magnetism nor Electricity .
ANALYSIS OF TEXTBOOKS FOR THE DETERMINATION OF THE SPATIAL
IMPORTANCE GIVEN BY THE AUTHORS TO THE TOPICS MAGNETISM
AND ELECTRICITY
In order to determine the spatial importance given by
the authors to the topics Magnetism and Electricity a sec-
ond examination of the textbooks was made. An exception
was made in this examination to the practice of including
accompanying workbooks and manuals in any consideration of
a textbook for such inclusion would not be appropriate in
a comparison of the page content devoted to the two topics
in the various textbooks.
The total number of pages devoted to Magnetism and the
total number of pages devoted to Electricity were first as-
certained. Then, for purposes of comparison, the total num-
ber of pages that each textbook contained was noted. The
results were presented in two ways, the number of pages de-
voted to each of the two topics and the percentage of the
entire book as measured by pa.ges that were so devoted.
Table II which follows shows the results of an analysis
of sixteen textbooks of general science for spatial impor-
tance given to the topics Magnetism and Electricity
.
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""Table
II
Is
read
thus:
Of
the
815
pages
contained
in
Book
A,
a
junior-high-school
textbook
of
general
science
not
written
for
a
designated
grade
level,
two
pages
are
devoted
to
Magnetism
and
49
pages
to
Electricity
,
making
a
total
of
51
pages
devoted
to
both.
These
51
pages
are
6.3
percent
of
the
total
number
of
pages
in
Book
A.
>
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Findings Table II . A comparison of six textbooks of
general science suitable for use at the junior-high-school
level but not written for a designated grade level with
ten general science textbooks written specifically for the
eighth-grade level shows the following averages, respective
ly: total pages devoted to Magnetism and Electricity
,
54.7
pages or 8.3 percent of the total number of pages per book
in contrast to 17.3 pages or 3.4 percent of the total num-
ber of pages per book. For all sixteen general science
textbooks the averages show the total number of pages per
book devoted to Magnetism and Electricity to be 31.3 pages
or 5.5 percent of the 568.2 pages per book. Of the ten
textbooks of general science written specifically for the
eighth-grade level, one textbook included Electricity but
not Magnetism
,
two textbooks included neither Magnetism
nor Electricity
,
and the remaining seven included both Mag-
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CHAPTER III
THE RESEARCH: PART II
STATEMENT CF THE PROBLEM
This part of the investigation is concerned with the
determination of the subject-matter topics for the area
Magnetism and Electricity that were included in the se-
lected textual materials, and the utilization of the data
for the compilation of a composite topical outline that
could be used at the eighth-grade level of instruction in
science for the development of the topics Magnetism and
Electricity
.
ANALYSIS CF TEXTBOOKS FOR THE DETERMINATION OF SUBJECT-
MATTER TOPICS FOR THE AREAS MAGNETISM AND ELECTRICITY
Each textbook and manual or workbook selected for
this investigation was carefully examined for the third
time. Each textbook was scrutinized for topics that
1. were stated as topics and sub-topics or
2. were implied in the context or in an illus-
tration .
The sections of the texts that were devoted to the areas
Magnetism and Electricity were read sentence by sentence
to ascertain which subject-matter topics and sub-topics
were contained therein.
Each subject-matter topic and sub-topic relating to
either Magnetism or Electricity that was found in the
:
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textual materials was copied on a white 3" x 6" file card
in the upper right corner of which was the code letter of
the book from which the topic was copied. The subject-
matter topics and sub-topics stated as topics were consid-
ered to be those that were chapter, center and paragraph
headings. Such topics were underlined after they had been
copied on the white cards.
When the subject-matter topic was developed in the con-
text but was not designated as a chapter, center or para-
graph heading it was appropriately considered to be a topic
or a sub-topic and was also recorded on the white card but
was preceded by the letter I_ to denote that it was implied.
Any topic that was implied by an illustration was recorded
in the same manner. The same techniques were employed in
the analysis of each of the sixteen textbooks and their
accompanying laboratory manuals or workbooks. Whenever a
topic was found expressed in similar fashion to one that
was previously recorded, the topic that in the judgment of
the investigator better expressed the idea was retained.
After all the textual materials had been examined and
all the topics (both t ose that were stated as topics or
sub-topics and those that were implied) had been recorded
on the cards, the topics were then assembled, reworded
wherever necessary for succinctness and clarity, and arranged
in two composite outlines, one under the heading Magnetism
and one under the heading Electricity . These composite out-
lines were then submitted to the specialist in the teaching
of science directing the investigation. Any topics judged
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by him as being incorrectly worded were reworded; those
judged by him as being unsuitable for inclusion in the
final outlines were omitted; those judged by him as being
incorrectly placed in the outlines were changed as to pos-
ition and those judged by him to be present more than once
even though under different connotations were reconsidered
so that there would not be an indefensible duplication of
any topic in either outline.
The revised composite topical outlines were then sub-
mitted to a group of five experienced teachers of general
science enrolled in a Seminar in Science Education at Bos-
ton University in 1946-47. These teachers were asked to
examine the outline critically to insure that the wording
and the position of each topic in the outline wras defensi-
ble, that there were no duplications of topics and that
each topic in the outline was suitable for inclusion in
general science at the eighth-grade level. No changes
were made.
A further study was made of the individual topics con-
tained in the approved outlines to determine whether they
were stated in the textual material as topics or were im-
Pl ied in the context or in an illustration. This informa-
tion was readily available from the white file cards.
Table III which follows shows the frequency of recur-
rence in the different textbooks analyzed of topics relat-
ing to Magnetism that were stated as topics in their re-
spected textbooks, while Table IV shows the frequency of
recurrence in the same textbooks of the same topics that
were implied either in the context or in an illustration.
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Findings Tables III and IV . Tables III and IV show
that in the textual materials analyzed subject-matter top-
ics and sub-topics that were contained in the composite
topical outline for the area Lap-net ism were stated as top-
ics 33 times. The same topics and sub-topics were implied
in the context or in an illustration in the same textual
materials SS times.
Table V which follows shows the frequency of recur-
rence in the different textbooks analyzed of subject-matter
topics and sub-topics relating to Electricity that were
stated as topics while Table VI shows the frequency of re-
currence in the same textual materials of the same topics
and sub-topics that were presented in an implied form.
i
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Findings Tables V and VI . The facts presented in
Tables V and VI show that in the textual materials analyzed
subject-matter topics and sub-topics that were contained in
the composite topical outline for the area Electricity were
stated as topics 178 times. The same topics and sub-topics
were implied' in the context or in an illustration in the
same textual material S7 times.
Table VII which follows presents a summary of the fre-
quency of recurrence of the topics and sub-topics related
to the areas Magnetism and Electricity in textbooks of gen-
eral science for no designated grade and in textbooks of
general science written specifically for grade eight.
GC
TABLE VII
NUMMARY OF THE FREQUENCY OF RECURRENCE OF THE TOPICS AND
SUB-TOPICS RELATED TO MAGNETISM AND ELECTRICITY IN
TEXTBOOKS OF GENERAL SCIENCE FOR NO DESIGNATED
GRADE LEVEL AND FOR GRADE EIGHT
dumber of Textbooks of General
£o Designated
Grade Level
Grade Eight
Only Total
MAGNETISM
“Magnetism 6 7 13
Early ideas of magnetism 4 1 5
Theory of magnetism 3 0 3
Magnets 5 2 7
Definition of a magnet 3 3 6
Kinds of magnets 4 3 7
Properties of magnets
Polarity 5 4 9
Magnetic attraction 6 7 13
Magnetic field .6 _ 2 . .8
Lines of force 3 ... 1 4
Induced magnetism
. 3 5 6
Lav; of magnetic poles 6 6 12
Magnetic compass 6 6 12
The earth as a magnet 5 5 10
The dipping needle 3 . ..... 0 3
Relation of magnetism to
electricity 'Z
- w . 1
h
4
Totals for Magnetism 71 51 122
ELECTRICITY
Electricity
What is electricity?
.
4 1 5
Electrons 6 4 10
Electric currents 4 4 8
'"Table VII is read thus: The topic Magnetism is found
in six textbooks of general science for no designated grade
and in seven textbooks of general science for grade eight,
a total of thirteen different textbooks.
'• r
X* '.0 •: -V i -10 YC . ’ , h • TT Y . . :
u t, ; ( :r • :yy '5 /, [£
v..oc ,.:oT
tur
: lii b&i i ci if? *t.
"
1 ' o t •; . f \ I !-
. ?.>!o • dixei inf le-lllii) ner.l".lci.> lo /-loi a
C
TABLE VII (Concluded )
Topics To DesignatedGrade Level
Grade Eight!
Only J
Total
General methods of produc-
1
electricity
....
5
.
..
..
6
Static or frictional elec- ]
tricity 6 2 8
Methods of producing 3 . 1 4
Conductors: insulators 6 5 11
Lightning 6 4 IQ
Electroscope i 0 1
Galvanoscope 2 6 2
The Leyden Jar
.
2 i 3
Condensers 4 i 5
Current electricity 5 4 9
Me thods of produc ing 6 2 8
Chemical action 1 2 3
Induction 5 2 7
The electric circuit 6 6 12
Units of measures of elec-
tricity 6 4 10
Electricity from chemical
action 2 2 4
Electric cells
The simple galvanic cell 6 5 U .
The dry cell 6 2 8
Series and parallel con-
nections 4
_
1
.
5
Storage batteries 6 4 10
Electricity produced by in-
duction: generators 5 1 6
Elec tromagne ts 6 6 12
The electric bell 6
. 3 9
The telephone 6
_
2 8
The telegraph 6 3 9 _
file electric motor 6 3 . 9
The circuit breaker
. ... .. 1 0 .1
transmission and use of elec-
tried ty
-
Transformers 5 H 5
Electric lighting
... .7 5 . 12
Electric heating
. „12
Electric appliances
_ 5 . 3 . 8
Electroplating 3 Q_ . 3
Electro typing 5
... 0 5 .
Safety and electricity
Fuses 7 4 1
1
Other precautions 3 a
t"
5
Totals for Electricity 180 95 275
Totals for Magnetism
and Electricity 251 146 397
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Findings Table VII . A comparison of six textbooks
of general science suitable for use at the junior-high-
school level but not written for a designated grade lev-
el with ten general science textbooks written specifical-
ly for the eighth-grade level shows the following summae-
ries
,
respectively: total recurrences of topics in the
area. Magnetism
,
71 in contrast to 51; total recurrences
of topics in the area Electricity , 180 in contrast to S5;
total recurrences of topics in both the area Magnetism
and the area Electricity , 251 in contrast to 146. The
topics for Magnetism recurred a total of 122 times, the
topics for Electricity recurred a total of 275 times, and
the topics for both Magnetism and Electricity recurred a
total of 397 times.
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CHAPTER IV
THE RESEARCH: PART III
STATEMENT OF THE PROBLEM
The purpose of this pha.se of the investigation is the
determination in the areas Magnetism and Electricity of the
experiments found in the selected textual materials that
are related to the topics in the composite topical outlines,
the utilization of such data in the preparation of composite
experiments, the assignment of said composite experiments
to designated scientific principles, and the validation and
evaluation of these principles.
ANALYSIS OF TEXTBOOKS AND LABORATORY MANUALS FOR EXPERIMENTS
FROM THE AREAS MAGNETISM AND ELECTRICITY
The fourth examination of the textual materials was
made in order to determine the experiments relating to Mag-
netism and the experiments relating to Electricity that
were contained therein. In this examination as in the pre-
vious one all the selected manuals and workbooks were includ-
ed but special scrutinization was given to the laboratory
manuals. The composite topical outlines and the white cards
on which subject-matter topics had been recorded were also
used. Each piece of the textual material was carefully read
sentence by sentence in order to ascertain the experiments
described therein.
c
37
The examination of the workbooks and laboratory man-
uals was comparatively simple as experiments described in
them were generally assigned definite titles or headings,
although there was a wide variety of such headings. Six
authors used the word Experiment , three used Problem
,
two
used Demonstration , two used Exercise , one used Activity ,
one used Experience and one used a question. For the pur-
poses of this investigation, however, most of these head-
ings were considered to have essentially the same connota-
tion, and the word Experiment was selected as a common
designation.
As each experiment relating to Magnetism or to Electric-
ity was located it was copied in its entirety on paper,
9" x 12". The title of the experiment, expressed in inter-
rogative form, and the source reference were copied on a
pink file card similar to the white card used for topic
data. The code letter of the text where the experiment was
described was written in the upper right corner of the card.
These pink cards were then filed with the appropriate white
cards. If there were any topics that did not have related
experiments a re-examination of the textual material was
made to ascertain that no such experiment had been over-
looked.
The next step in the investigation was the formulation
of the composite experiment. Many of the experiments found
in the texts were similar. The best features of these simi-
lar experiments were incorporated in the composite experi-
ment, the criterion used in such selection being the quality
.c
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of the available material. Any good, idea was freely "bor-
rowed" because the investigator was in complete accord with
the statement made by Franklin B. Carroll'1' who said, "There
is no such word as plagiarism in the classroom teacher's
lexicon." The following form was adhered to in the compos-
ing of the experiments:
Title (in an interrogatory form.)
Materials
Procedure
Conclusion
By this procedure, a sufficiently wide latitude in
choice of experiments was provided to accommodate the in-
dividual needs of any particular eighth grade as well as
the varying capabilities of different eighth grad.es and to
make allowances for possible differences in time allotments
given to the topics Magnetism and Electricity . After all
the composite experiments had been formulated their titles
were copied on the other side of the pink file cards. These
were then copied beside the appropriate topic on the com-
posite topical outline.
ANALYSIS OF TEXTBOOKS AND LABORATORY MANUALS FOR PRINCIPLES
OF SCIENCE RELATED TO THE TOPIC MAGNETISM AND ELECTRICITY
The fifth examination of the textual material was made
for the purpose of determining the principles relating to
the topics Magnetism and Electricity that were included
therein.
Franklin B. Carroll, Understanding Our World
, p. viii,
The John C. Winston Company, Philadelphia: 1S45.
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The criteria for principles of science used in the
important research studies made by Robertson, Wise, Martin,
Fleish and Jones were again reviewed. The composite topi-
cal outlines, the set of white file cards containing topics
and the set of pink file cards containing titles of compos-
ite experiments were also used in this part of the research.
Before beginning the examination of the textual mate-
rial for the determination of principles relating to Magnet -
ism and Electricity it was necessary to accept a list of
criteria for these principles.
Of all the lists of criteria studied in the survey of
related literature and later reviewed, the list used by
Jones and the one used by Reek seemed more applicable to this
investigation. Both of these lists were basically in accord
and both omitted the criterion "must not be a part of a
larger principle," — an omission that was justified also in
this investigation because such a criterion is not only
highly impractical at the eighth-grade level but would mil-
itate against the successful determination of principles as
at present stated in eighth-grade textbooks of science.
This specific problem was also considered in the 1946-47
Seminar in Science Education at Boston University and after
much discussion the members of the Seminar agreed to accept
a statement as a principle:
If, though it does not state all of the elements of the
principle, it is referred to (or implied) by the au-
thor or authors a3 being part of the said principle.
The following list of criteria is a composite of the
list used by Jones, the one used by Reek and the exception
*'
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adopted by the Seminar. For the purpose of this investiga-
tion a principle of science is defined as a comprehensive
generalization which
1. Is stated definitely, not inferred
2. Is true with but ra,re exceptions within limitations
set by the statement
3. Is a clear statement of a process or of an inter-
action
4. Is meaningful outside the context
5. Is not merely a definition or a description
6. Does not deal with specific substances or varieties
7. Is demonstrable experimentally
8. Though it does not state all of the elements of the
principle, is referred to (or implied) by the
author a.s being part of the said principle.
The section of each textbook the portion related to
Magnetism and Electricity was again carefully read sentence
by sentence for any generalized statement which might satisfy
the criteria set up to govern the selection of a principle
of science. All portions of the context which were intended
to be read or studied by pupils were included in this anal-
ysis.
The results of this analysis were very disappointing.
Principles as such received either little or no attention
in the textual material that was analyzed. In seven of the
textbooks examined there were lists of key statements or
summaries some of which implied vaguely a minor scientific
principle for the topics Magnetism and Electricity
. In two
books, Book E and Book J, the authors stated four and five
science principles, respectively.
The lists of scientific principles formulated by Wise
and Jones were then carefully examined for principles es-
pecially applicable to the area Magnetism and Electricity
.
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o
Each composite experiment and related topic was then as-
signed to one or more of these designated principles if
it seemed to the investigator that the discussion of the
topic and the performance of the experiment would lead to
an increased understanding of such principle or principles.
VALIDATION AND EVALUATION OF TOFICS AND EXPERIMENTS IN
MAGNETISM AND ELECTRICITY FOR THE DEVELOPMENT OF
DESIGNATED PRINCIPLES
After the investigator had assigned topics and exper-
iments to designated principles to which they were closely
related the specialist in the teaching of science direct-
ing this investigation then critically examined these as-
signments to insure their proper assignment to principles.
Thus the assignment of topics and experiments to princi-
ples they represented was properly validated.
The list of topics and experiments together with the
principles they represented were then presented to five ex-
perienced teachers of general science, all members of a
Seminar in Science Education, Boston University, 1946-47,
who were a.sked to make separate evaluations of the topics
and experiments.
Each evaluator was instructed to mark separately a 5,
4, 3, 2 or 1 in the blank space provided for each topic and
for each experiment that had been assigned to a designated
principle to indicate his judgment on the following basis:
5 The topic* (or the experiment*) being evaluated
is ideally suited
‘“A discussion of the topic and the performance of the
experiment is here implied. Topics and experiments are
considered separately when evaluated.
..
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4 Well suited
3 Neither well nor poorly suited
2 Poorly suited
1 Not at all suited
for helping to develop in general science at the
eighth-grade level an understanding of the principle
for which the topic (or the experiment) is marled.
The evaluators in the Seminar working independently
marked only those topics for which there were related ex-
periments. After this fact was discovered a different group
of five evaluators, all experienced teachers of general
science at the eighth-grade level, was then called upon in
an emergency created by a time factor to do further evalua-
tion .
The second group of five evaluators working independent-
ly, using the same directions that were used by the original
evaluators was instructed to mark all topics and sub-topics
in the master topi cad. outline which were not marked by the
original evaluators. The latter five evaluators were also
instructed to indicate for each experiment whether that ex-
oeriment is more appropriately done at the eighth-grade
level as a laboratory experiment (L) or as a demonstration
(D)
,
or is equally appropriate (X) for performance either as
a laboratory experiment or as a demonstration.
The combined judgments of the ten evaluators is pre-
sented in Table VIII which shows the relative values at the
eighth-grade level of topics a.nd experiments in Magnetism
.
and Electri city for the development of designated principles.
Some of the scientific principles in this table may not be
steted in language appropriate for the eighth-grade level for

43
the principles are primarily for the guidance of the teacher
who will of necessity present such principles in the vocabu-
lary suitable for a particular group. Some principles, of
course, could be presented exactly as stated in the table.
Comprehensive principles by Wise may be repeated in part for
the same assignment by less comprehensive principles by Jones.
Such repetition is intended to make the principle of great-
er value to teachers who may use the results of this investi-
gation.
Table VIII, which follows, shows the relative values
at the eighth-grade level of topics and experiments in
magnetism and electricity for the development of designated
principles. The table further indicates for each experiment
whether at the eighth-grade level the experiment is, in the
opinion of three or more of the five evaluators, more appro-
priately done as a laboratory experiment (L) than as a dem-
onstration (D), or vice versa
,
or is equally appropriate for
performance as a laboratory experiment or as a demonstration.
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Magnetic
energy,
or
magnetism,
extends
in
all
directions
from
a
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through
the
space
around
it.
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Pieces
of
iron,
steel,
cobalt,
or
nickel
may
become
magnetized
by
induction
when
placed
with-
in
a
magnetic
field.
(W102)
-. <<
to H H
,to
«
<•
1
•>
»
<t>:&
tzjkjtn.
H
,
Sr, to'
to- u.
L l.
< Ur
«-( to
—
- .<1H C !
s
. m
. . i i' to
o
'
to I
C , .
*w- 1* i<)
R>
h-
5 v a
Cn U to
l
X c
r « > '!
• 3 <i
S.
' r-i H
c*.
to to to- 6
i a to O
to s»tCi fn c;v
• to-
i <
: v i *> to
<to
H* b’ )- V CO
3 i «J
»
C (t>
1
to ft. ft> "
vQ Co Sc
.4
<t> •[> e<X ! H
H C
t?
to
C5
u
Lr-
to
> a
<to<<
h* u-
2
r
t-
1
tr,
- CO
:j i t
•>o
1—1
>• -
i
<- y H
- H
'0 <M ?'
a U -
<
to <to u
rr <« tt’
O »
to
Hi
C.
<+
DL
-i <•
u :
<o
to o
O CJ
C
I • to
IV
. c
* /
• l
I- I*', to
(r, ~ r.
H
<-* rr ->
c u o
H 4 H O - to. h-»*
no h» 1 r n* to
to o
a « ;-j
- *
'P E* J> p fv CJ
•* - ' C Cc*
/• .1
H CO « * ITSH (T tr x O
6- ' C to A ci
C
.
— tr> k. f. Sr O ^ •
UJ
o
v:
V. M
Ui
.. H
<•* C"
cr
*- uhH |Q
!-;• C
’ d
vi)
.to ^
h *
*
a
r
io c- to to so
Oi
to
r
c
c
TABLE
VIII
(
Conti
nued)
i
1
w
02
ft
Pi
ft
O
d
ft
ft
ft
©
P
rH
©
>_
b
ft}
mp
d
©
S
ft
ft
©
Q.
KM
©
iH
©
>
m
o
ft
ft
o
Eh
in
a)
43
4->
43
Oa
o
ft^J
d £
GO ft
© o
ftP 00
ft fl
© O
ft ft
o
ft o
ft ft
iH
ft rH
ft cfl
<D ft
43 ©p 6
ft ©
o 43
<p p
O)
T3 ft rH
d O cvj
© |£
ftp
© £d © »
B ©
w © dP b0 aJ
© d s
d ©
b0 ft ©
03 ft ft.S © ©
CD
O ft
s OP P
d o
© d
© d
£ OP ft
© ft
JO
©
d 43
O P
•H
W CO
rH 05
ft In
© rH
ft P
O
ft ©
O ft
©
ft
Cfl
P
cr
m
© io
43 COp S:
©
©
rH
O
ft
©
43p
d *0
o d ©
•h m d ©P © 05 £
O
a5 ft
P
© ©
ft a5 43 42P > PP bO ©
05 © d O
© © d
ft rH ft CO
O O P P
ft © ©
® ft
o o © d
ft ft H
O P O ©
ft © ft ^3
C P
© bO ©
43 a5 43 ft
ft g ft o
CO
CD
• •
9 1 OT InP 53 1 'H 42
© 1 O © c ©
G © o 42 ft £ d
UO42 43 d
© ©— Inft © ©
6 C 43 ft © ft ©0 p ft S S ft c?
© ft rd O
ft ft --- ft d P ft©OP © © P
© © O • 0 d 0
O ft 42 P 0 © ft ©
P ft © ftd d
ft ft
d Pi d rH
0 £ 0 © © r-”*
ft © £ p ft d 0 0 r~
ftp © 0 © P ft 'H
ft ft ft 43 d E
d d © •* £ 0 ©-
—
O " rH p ft 43
ft ft © P ft d p. 0 •P O ft O © 0 d
O P O ft 42 *H © rH ft
B 0 ft d O P 42 42 ©
p ft d O O'-'
d d 0 © P CVJ tH Aft,
ft d ft *d 0 © d
0 in ft ft d rH Boo
© 0 d © © ft -3: •h ft
bC © ft © ^ p p p
ft © p in do©
© 43 O © © 4J • tt &43 P P d d
0 © • •»d rH ft ft ©p ft ft d ® © P B
ft P © ft O ft 0 ft
© O ft ft ft <*H 0 ©
0 .O p © ft P 0
ft © d © O •H uQ
ft © d <h d ft ft d 0P *d bQft O top 4-^ *H
0 ft d © © 0 42 ©
© © © ft © S d © 42 ©
ft ft p 0 © bO rH P P
© <4H p O © © © ft
oQ O ©
d 0 g g •h 0 d iH 43
<3 ft ft d P-l O © -3 42 P
O rH
02 CVJ
1
o
©
•a* p
d d
cO ©
ft
ft
P
o
tn
©
od
& ft
O ft
£3 P
43
hO
d
O rH
ft a5
43 P
ft d
o
bO M
C *H
ft ft
is O
O 43
o
© © p
CO rH >
T3 OHP
O
© G
ft
ft w
co ©
cO
© 42 ©
© Cl i—
I
4
(H
ft cO
ft
rH c~ K S3
ft co © ft ©:
o ft ft d S
© ft G ft
ft P. *: © ft.
© Pa © ft ©
ft 6 d d © ft ftH O fi C 43 <! K
e o p © ft M
rH IQ
CVJ CVJ CVJ
9P I
© O
G ft
bb ft
© p
e o
©
<h ft
o ©
d o
o P
ft
ft S In
© to p
ft ft ft
©
«
-a
j
o
ft
ftp
o
©
ft
In ©p
ft ©
O ft O-'
ft rH
ft p pp © ft
o 43
© gs
rH
w
*
—• O. '
t—
*• J • .
i- •
.
1
•
• —• 1
, •
TABLE
VIII
(
Continued)
\
”——
1 to
•
1
* V I-. P a • >-
t* *4
"'* k-1 p- a <-r
4* tr p
* p, ..
" ri $
Hi O H 4 4
- H? s
i* o K. ® t-P 0-
I
a
*• H« o |-i
I
<4-11
t--> v
r ' <r
tr i - o JL
r ; c t
o
(k)
C- «S t—
i
<
.
a. •: i '
O'
r
P o
(
Of
: fj i-i> to
• c .-
. U
r
r
-4
r
TA
if*.
VI
II
(Continued)
57
• • tf Ph
CO 1 — co >» ©
> © 00 K^p XI
£ — 05 P XI rH as P w
O to 5= 15 p p -s: o £ Ti nop
rH 1 vh a ft o — p G G P
ft © CD 00 CO 05 ^ G © 05 O XI ft ©
CD Ph w- <D a * *H © ft o
© Ah Ph C Ph ft O t>> Ph C O © © W
51 . xl o © a5 ft P o» Xh o Ph © ©
ft ft tr» p p POP© bO P P ft no
ft Xl t>0 p * P G > Ph P © © GO O ft Ph a o © £3 p p © G o |>> w o i5
-P 0? p © '—
>
©OP G ft 05 G ft G O
ft hO G t> © X3 © a5 © CO ft rO Ph
D Ph C 4) l5 ft v"tC XJ O aO 15 P a © o ftO © ft CD 05 fS P bO © rH © a5^ Ph Ph
G ft S ft O O —
'
© 53 g © a o C~ n p ft to
© o aj p p G r* P o G ft sh © G G
ft ft O © 13 E » ft ft ft 15 p u e ©wo
co co Ph Xh o © is P o © e o ©— © G G Pc
ft Xl <D G Xl rH £ G 3 fc9 © Ph XJ Ph OP
3J CO -P > O ft O © O P< X! ft O ® © W Ph O
4> CD OP «H P d cd o 15 © 4-> ©
rH ^ 'G G CD £">ft ft ft o xl 05 t>»p © fcfl O Pa G G ft JO p o o o © P P © Ph Ph © ©
*•« (D CO ft O rH bO •H © © P
o 'P r~» *>P ft w © bO G t>> *ft XI XI © PhO 4-> iJ (D gdp PH £ © CJ aJ G p O o—
ft 10 G © g E o © £ aj 'iA rG ^ goo ft o
u © co Ph p G ftp© O'-' p p l>» © O CO C
CU Ph Ph G O p p fciO P © p 4-> 4J p U Xh to ft
CD Ph ft G O © sd g d © o Go© O P |>i ©^-<
ft G f>> W CDPg © OP P >> © P G p o o
ft © bO G Pi Ph Ph O ft 05 P bO Ph Ph bQ U G « »O Ph aJ 5h ft © P< £ G P © Ph G ft © 15 G ©© ©O <D P P G P © O © G 6 © © ft bO
go ft £ -p O Ph ft O H S G o p1 bO O G ^H p 41 O O G © o © o © G w ft © ccS
CO P CO O O © P © •H o © G ft rG
ft O H ft ft bQ <D P X) o > £-i rH P bC ft xl o © 15 O
Ph © © Pc G m Ph £ 05 P p erf Ph G o o Ph 15 G
CD rH O CD PPG P 4-> O O p p G P © ©
4-> © ft O O p O p © o © p op© Go© >
as p. g CD p <D © ft Ph c5 rH £h © p © © © pS cp m r-l P Xl P G © © p ft G G G P © bOP(OOP CD Ph P © o © o © G © C5 p Ph ©
rH <d ca Ph l>» Ph p © © P © bOp ft p p d N G ft ft O p p g t>>x: G W Xl Xh ©
<tj O © CO <1 X> X) -'<1 O P <J © <3* p P M gs r O. g
©
3
ft
©
3
M
IS
©
5.
K
,'JU*
|
I)
o
ft
ft
o
e-c
in
OJ
I
u
G
o
o
ft w
Ph ftp a
o ©
© Ph
1—1
w
to t-o m ^
r-f Cvi OJ ft
COU faO
O G l»
,G ft ft
-P O *H
© G O
E rU ft
o PhH Ph -P
05 ft O
Ph ©
CD ft ft
3 C 05
CD
C»
*• n
-*
1
•
*
'
'
* <V
r„: ... A
V I-'*
... 41 o r
i •
.
i
TAB
Lil
VIII
(Continued)
w
05
P
P
x3
-p to
i
bQ
<D
to
1»
05
P
a)
Ap
i
bO
OO P
O l p >v-. & ft POpp 43 £ 'd m 0 p p 5
43 rH O O ft CQ P P rH O P p ft
S3 Oj 05 ft P. rH p as op fto) P P aS O X! ft as
ft P -P > r 5 p -P O rH P 43 0
P rH «p «H ' Si S3 O o5 a5 to P ' P p O a) aS m
t>> P 0} H 43 xi o P P P ft O P p p
bO p o o cd -P tH Pi TOO P 43 -H ft TOO
P X -H TO bO 4-3 p p p X 43 © p p
0) p g p C3 o >9 N O ft •H P O t>»H Op
S3 P bO P ft 05 — P *h p O rH •h aS •— p ft p 0P © X! S3 C- as rH t5 P G C- cd ft 'd P
X3 O ft TO XJ rH ^ S p o ft p -d H Hi S as 0 ft
iH 43 -p p © OS -S p p P aS ^ ^ P
0) P o bO O O -
—
TO 43 to TS O O —<» TO 43 ft 03
O P rX P P 2 ft «5 P P P P *H cd P p
1
•H rl *H t 8) ft s • P TO O P 'd 6 « © TO O
e rH S3 Xl O P ft © P P P 0 P *o © p p pp S C o o P ,£3 ft P O 43 rH p X3 rH p 0 43
XJ o 3 o fto P os to p o © ft O P cd TO p 0
CQ o rH bO •H P 43 P ft •H p 4> p
<d ft ft 05 p P !>s cm © bO o rH O^-N 0) >sft p bO 0 ft
1
—
?
p O *H X) X> P P P © P to X3 X) P P p p
P, bO rH k's ® O P 05 rH 02 O P as ft
•r 1 P-" rH TO X> JO rH «•> •rH X3 rP © ft TO X3 X3 P ft
o 05 02 •H rH ctf S3 -P 43 O O P— aS p 4> 43 0 O
P X2 ft ^ cd P ft g O P bO Sop ft
•H o -P O 05 ft P >i © O TO P • •h p *>> P O TO
P -P P ft 43 4-3 -P bO TS X3 TO r—
»
P 43 43 43 bO •CS X! TO —
^
p4 00 * S3 S 2 © POP O 43 >9 P O X3 o P O aS O 43 >9 p O
rH t>9 © 6 P ft g X) O O 03 O aS © ft s X> O O 03,
rH bO Pi 0-0 P P TJ P X p p TS P X© P P £ © P P ft at TS P © P rH 43 P ft aS cd P P P'-'O P ? 4J +1 > 2 © 03 *H as 4J p P aS ft
S3 O O ft O P ft bO op® 0 as 0 p ft bO op*
O P P aS -M O O P to «h a5 © •H 0 0 P 03 *H cd P
•H OP o O cd p ft bO P TO 0 aS P ft b£
S-i rH •rH P 05 •H bO 0) x) o © m p 43 p •r! bfl © XJ O P TS P
-P aS p £ p P P m OPT) P CC O bO p P TO O P TS P cd
o o p 05 P 4-3 «H P p 43 as X3 P P +3 *H p P 43 cd XJP «H O P p O X) 3 o as o rH 03 O ft p 0 cd 0
iH P P -H J>> O P X5 P P © P x3 P ft © © p
P -P H g H p X3 P rH P bO © 0 ft P X! P rH p bO PO P O ft P P 4-> a) © rH P > P © P 43 aS P ft P >
rH P P > P •h as **h X rH ft as ft
rH rH P *H *H X) P >* >» C TO x! X3 43 •rH aS p r”* r-* p to X! X! 43
«aj p <4 o -p -p < X> x> h as ^ o as ft 0 <3* ft ft ft aS & 0 od
CD
P LO CO rH LO to
i—
1
d
t»
02 rH 02 02 ft
XQ i-2 ft
1 H
fl to P
O P -P c — O l w
P X3 P *H M O l M
CQ t3 -P P.X3 H O p O H
-P O P o X ft ft' P X
p O P bO a5 p 43 p© H ft s3 o o <d 43 aS < 43
s pH *H 43 O. C3 43 rH P p
•H +3 p rH o5 bO X © to as x> X P
P OX'h S3 P *H S p ft s
<D P ft P © «H X) iH P 0 fH. rd ft
ft rH O p 0X3X3 P P as ft 43 P pX P X3 43 43 p P O 4JHT) p p
p TO 43 © ft ft OOP ft ft
P as ®P G flX S: TH ft 0 ft X
Od Pi tH P P O C H 0 p p p <d ftO TO X> ft aS TO —
r
P P 43 Tj—
p
P lO CD to
r
—
i 0J 02 rH 02
(M rH
t
S3
o 1
•H fH O
-P 4-> P
O ft pL,
CQ ft o
O P •H ft
•H ' ft P O
p< X> bO
o P O TO p
Er1 o P ft tH
rH O O
’ o © X3 P
•H 43 X5
rH P
05 « S
-P
CO
1 1 1
til 4 .
<& rc ' i ffi a 0 H- (p • /*
- H c V-. * J •1 • © CO - - 3 I
1 1 U H*
Hi ft H« l fco
< *4* l-I H*
t! t t! O p -4 Ct b to L, h ,4 • h-P-r-i»4
J > +\ cr.
1
t tU'M
t 1 O M c« (0
P
V* r V-, i •
• 0 T (-1 '1 V , CD
A' ' » D‘
ti> =4. C*
Cr jQ + • i ' c*1 O f 4- r ^ b o W o
* •
V-4 4 wt U
‘--i &,
i4 < T 'j> O l-M
.
« !- a l-r- Hi i.
*
o ID Hi tp o 4 1
" l
*• r C -, ^ *7 M I-,
CO
1 Od :
» « 00 1 o <! H* & a c*
O CP
ko
P t*
<J < C
r>
r <h
O Ul-
- on
t-v P J
U* O : s
H> <3 C
,
c, Q
o r
»
-
c
•*» c
<i/ -'i
n :
o
l-I*
4
c b
c+
H,»
W
0 s
ai c
1 '
•*> O
l / iu
C > c
.
u, cr
>-* o
0> -> -*
'
Cl
v\
*—I* C i<
~r J >7
> ' , w.
;o I p
b- *4 O
. J ?
o o
C4. r;
O
< ,) 06 m»
r p ,3
C'
3
b
cr
i
-+ o
u-
,-v
c f* 0 U (1 w . , . •.
a - P P H. <3 Hi n 1
*2 ’ l—i C) -+ H P t. . 1—> \3 * H CO •7
-i- <“) 1- H>
<U »;j. P ^ <0 ft P C. H 1 -*- .. 1 -i t? p, 1 • -
7-
<b O' CD
—
'
1/ 10
I i* 3 * • O i-
H
_ c3 O ' •
", CP xr r t..
.
y «
-
c, 4 -> O
•
. ;-n
n. o
C>
* * 4- r
.
•
"" £>
CD H. <4-
TABLE
VIII
(Continued)
©
©
rH
Pr
ft
O
d
ft
d
Oh
t © d ©
d 43 i>s ft >» d
o ft © © O ft o
1 1 •h mo © £ TJ ft g 1
o o ft d © o d ft > ©
© © © o d © © © ft © r--» O d
ft ft © © ft o © d © d ft 43 CO ft© © d o © © o d d d O ft ft d
43 ft d © O d 13 O © © |S ft ©
© © ft © r> dr d dr ft ft ft — d <h
P
d
as
© tO
Or CM
© &
d'
Id
ft
rH
d
P
-d
d
©
© to
PrCM
© ££
OC-H3
•H S —'©
rd 43 •
© o n
O rH
d >> ©d 43 ft
O ft
d «.
ft d o
O ft
® ft ft
© TS
N O
d *h
© rH ft O
S ©d
© ft
© d
©
d
© ft
d
o
d
© d ft
© © © ft
© ft o
© bO ©
d ©
d o
•h © -—«.
•d ft H*
© © ^O O'—
d ftd S *
o © 'dd ,d ft
ft o ©
ft
© t>»ft
x> 43
© ©
d
o
6
© ft ft
6
©
43
o
13
ft
ft >»
rH
d ©
ft >
O ft
© ft
©
© bQ bO
d ©
ft ft d
£ n
o
ft ft ft
ft d o dJ
d d ©
•h ro
o d
ft ©
d
0) ft
d
o ©
•H
0 43
o ft
d
ft ft
ft
£
o
o d © © ft © o ft d bO ft O
© • w • !>»ft bO 43 43 O © O >s *» ft ft ft d d Oh ft
© ft © ft © d © ft o O 03 © d ft ft o o © O
bO O bO o S S So© £ o 43 © dd © d © !>> © O © -
—
ft d © o Xd r~^
© d © d ft d © d 43 d ft ft bO ft ft © © d ft
43 ft 43 ft d O Oft© d • do© d © bO £ O CM
o ft a ft © ft 43 ft © © © ft g © ft >» d ft og© © d bO O tO a bO d d d © 43 ft © ^-r
ft ft d d d d ft d d d ft © d 6 © ©© ro © © d ft © © © ft d © d d d 4> ft •
o © o © o ,.o w bO © © 43 O d ft o o o ft bO
ft bO ft bO 43 d d WO o o o £ Or ft ft d bod d d d o d © d © o o ft d © & O d
ft © ft © •H d © 43 O © bO © ft bO © ft ft ft ©
o 43 o 43 d 43 O d d > d d © d d TO © © © d© o © o •p X ft d ft © © ft ft ft d ft © © g d ©
rH rH o 43 d © rH 43 ft O 43 O 43 ft O d© ft © ft © >» © ft o © © 4> © © & o © d © ©
© © rH •• 43 d rH 43 bO ft d 43 ft © > ft 43 ©© o © o © © © © £ © © © d ft © ft .rH C3 ft ©
,x ft 14 ft d d ft © ft © O ©
ft d ft d d © d d © d ft d >» t>» d d d o ft d ©
41 ft i-3 ft <3 £ © M © © Pr © < 43 43 <j| o © © W •© ft
00 id O H1 CM to
ft CM CM rH rH rH CM
59
©
d
ft
©
>
I
ft
d >
i
ft B
-w
d
o ft© t OT © IH © -p © ft o >
n d O © d X © d o X
ft © <L b0 O * t ft <H o d C«. •Vd <H rH d <tj ft 43 ft ft d © ft© ft © © d
X
d d o o d d ft d
s ft 43 d © © 43 © d o O ft X ©
•H d <H O © c** •H s © d o ft o •H gd o £ d d ft d © W d 1 © •H d ft
© O ft o © d d © « o d rH d d d
Pr TO © © 4-> 43 © © o O o o o d ft © ©
X d o ft Pr Pr d ft d ro o Pr O'
w & d ft ft o Pr X © © d © Pr XO d O d <3 pd o -p d d d •H rH Cd
43 ft © © V-/ Id © © © o ©
©
d
ft
©
:>
©
o
ft
Pr
o
Eh
id to
CV1
© ©
d
© O
d ft
o ©
ft ft
o d
d ©d d
d m
o
o
*
IH t.
*
‘
- ’ *» r
'
- ^ .."<*3 *- - •
!i ft te
O (~
«
o t. t- •
V, •
j ' - 'i c
t. : .
< £»- k c a.
r A : c
K* C. © c+
1 1
? K. ft
i-i /
*
K. C. V?
*
c o
t <*
*
:
Co l:
'
- O
a
o ©
h-
TABLE
VIII
(Continued)
111 *?,
1
£3 'X i>
f
rt U>
cc u h.
- fc
—> r o
' * p» Hi
»**• »3 vM
* < *<5 i; « » -
O’ C to to P G ' j. cr o j “ ,'J to
t~l o U. IP < T* R A A- Hi CJ
CP <r< t ip W a r« «
.
•'
to • '-
f Hi
r* c
Pf C '0X1 - V j’ P ' i to p.- .;> to to
r> C* r P h, 0 rj> p p" .?
<X
4 o *
1
c-ij * c: , • l- t< • ' ' to (fc h;'f4 to o
U O •
»
?3, , *. to
0 h! C4. i to pi J) P-, Q »-r ..C
JO -< c*. *4 to U-. c e to U a a <4
•c A u r
p •» :> c+ c b1 c+ c to U O h> j) > <P
a <» i-; C :
i
-i *
Cl> U. CD -* A ^ to
-0 o "> C5 o o o — »*G> I-'1 o 1 p*
£ a 0 r-** 3 o. *4 Vrf- i t <• «-<» to to
<: 1 T C‘- o 3 P —
*
CP R h* 3 & to P : <4- U T> *-* O £? o. to cp » : •
U. a o O O HP »- C O, to rto ti Es
^4* C4. "» a o, tv CT O O c a p {
• t-1 to •H»G ' P O -l-' ^’ *r £3 R
.
: . to O'
tT<< i- W, to & cp Pi* O C -- ’A to h. (P3 to tl P? H* o to to, .J Pl» U c o p, P c to
c+ p^ X3 HP o - '-P :
G
G
C
YA3li.
VIII
(Coat
limed)
n
©a
a
a
o
d
a
d
04
T
fH
£0
GO 1 •H <
—
» TO l
© •H d • lO © bO
rH d d d d d s | a l d d TO ©O qw d ©^ © d o i d TO © 2 d
a, iH 3 © d d o o d d d d a
a o 43 43 •H a © © TO © Q a a ©© © d d O d -—
*
o o a a o
d © © d 43 CD d © © TO o © TOa d d d 43 to d © d © d d ©
•H © 43 O •H © rH o P © a bO a o TO O
4-> o O ccS s d •rH a d d © © 2
d GO © © 43 a a a d © l>s © O d
O d a d K^> © d a o P o
.O d © O 43 rH m • d a d a 00 © d d
© © « o 43 © e © d >* d £ fcsl o a
-p © © CCS O © a © © © a d
© X rd d © >sd © d d a d TO a a TO
o © +3 d 43 d rH 43 TO a d TO TO © © d
d © 43 •H © © d TO o
O *d a © d © d © d o © © a d d
6 bO © d © d bO a a d d P o a
ro p d © to © © a © to a © © d ©
<M •H O © > £ o a cm d d 43 ©
O P> d © TO •H d 43 TO d CD © & d d © o a
© d >» d •H © a d d © o d GO © ©
GO d 43 CD r-1 05 d a “3S a © © a
• to ? © > d © • a d bO ©
d © 43 d d d o d © a d TO a d a o•H E © as m © Cl o a o « bO o o © ©a d © O •rH a a © d © a a fnd o TO
d bfl © rH d •N 43 o © bO © d o © d o TO-
a co o a5 © O © © © d d d d a d © o © o
*“3 6 rH a 43 © rH d d © o a d d a © O O 0>
o •H 43 P d d d © d bO d d X
n © a o o © OT a o o a o d a © ©•
4-> • bO •H cS rH d o © © o © © a
© +3 d 6 O 4> a ad o bO o © d bOd o d •
TO © © o •H © © a © d a bO © O M d a © ©
d d d 43 C © © © a a d d O tO CO © a bOa bO © © bO d d ® d d a © d a iS d © d d
© © d CCS d 43 43 a o o o d o o TO d d ©
d s o © bb & © © a a> o d c d © d
b£) •H d Oj © a a o TO d i—
i
TO d • p o © o
© © 43 o E © d o o d © bO © a © © TO d ©
fi rd © •H .M © a bOa © bO a d a © bO ©
+3 d 43 © *H d © © o d © © o d © d © o a d >
l» bO O d rH d © TO © © d d a © o a © a © a
d a © © •H d o d © rH d a d d © O d a d d a
*=£ o s d d ps o © d H o © d a o <a a a © £ o ©
51
K
3
CO
a
d
®
S
u
«
a
x
£*j
*
©
a
OB
>
TO
O
•H
a
o
«4
o
CM 9 CMCM
d
©
•r~5
©
a
o d©
o d
OQ
t>»
o ©d d©
> ©a d© a
C5
O
CM
O CM
CM iH
O
CM
s
—* C/ h-^
'Si-- *-
*
U- A
t-J
•
*
•
• h* j ; -• - c
f • •
,
n
‘
-i
-»• n
f
TABLE
VI
XI
(
Continued
)
G2
IT
PH
a
>
0
o 0 CO
CS o5 aS hO > CD co
1 ft ftp'- ft 05 CD v-1 ft rH «S
0 x I o ft ft c-- 05 CD P P p P £ ft O
ft o O P p CO p ft «H rH O P P
-p •H CD ft CD 00 O S: o P Pr aS aS a$ n 0 aS P
ft i—
1
o O P.'-'P o P p • 0 •H
ft P 05 CD CJ 05 o «c
i
0) ft rH o >3 ft PP CO CJ CD ft ft ft ft CD CD as •H rH ft o
•H CD iH CD o P p p a o 05 a p o p CD P •H bO
«? ft is; X •H rH as aS CD P X •H p > p ftp >—•* •H p ft p CD O ft CD E rH •rH P o 0
s>» rH aS C3 O 05 P P o CD O P •rH aS P
rH tf) • £ ft P CD aS CD ft ft CD ft 05 aS 0
-p aS g P CCS i>s bO s N G P4 ft O to ft rH
o CD ft CD aS ft *H ft P bC CD 0 as rH
CD !>sft TO CD ft P CD 05 iH a, 05 CD P P o o aS
ft rH P ft 05 P 05 aS OS P P ft •H p •H o
•H CD as ft ft cn O Ti •n p ft ft E • •H
ft 05 CJ CD ft O ft CD P P ft rH o CD o 0 ft E
ft CD rH ft bO P as ft P o P >. P p to ft ft rH 0w
« d CD CD CO P P ft aS CD ft o o P ft ft ft o 0 ft
r 1 CD > £ ft CM O ft 05 P p CD rH p a! •H o
o. •H p P CD 05 ft CO P cD o rH <4—
C
o ft 0 >3 ft
ft •H CD ft P ft CD CD ft 05 <D CL5 O C5 o ft ft 0
aS P P P ft CD CD rH rH o X)
r* > ft 05 o CJ P ft so CD rH 05 as bO >3 ** •H p—
p ft CD p o ft ft p ft o •H rH P af P p as CM
«U CD as O oO o p o • o p as <4-1 aS r^*H E o 0 ft h>
O •H ft aS p p (D P o J»ft O 05 P ft CD •H C O *>—
'
p •Vp aS ft o o SO o ft o 05 p CD ft P p aO
aS 05 as ft P 3 p ft p ft O CD o p E P P o as m •P CD rH O P ft ft aS ft 05 ft CD a O 05 CD o rH 0 •rH S rH •3
•H P ft as CJ p ft P <D ft P X iS ft o ft aS ft ft rH U)
o as 00 rH •H o o O ft ft P CD CD ft P P ft ft 0 0 ft
as rH ft as 05 o O a! CD •H P P 0 P O 0
ft ft *H o CD o to CD fcOft o P • O ft S o ft ft r-*
as •h ft p as p aS ft ft P •H 05 CD P (D o o O 0
o CD CD ft ft p •H bO of aS <p to O CD P 0 o •H
ft £ p aS as P ft P Hr*H 0 ft ft •H ft O > •H to 0 ft rH
ft P P o ft p o o O <D a 05 ft P aS ft £ aS •H ft p 0 P cS
<D CD o 00 ft ft P as ft p p p *H p O o
00 ft ft rH O 00 ft 05 P O as o o P CD a o ft 0 •H
p o o CD H ft CD so CD O ft CD CD •H ft as 0 ft 0 rH ft
CD aS P bC p OOP P CD to CD rH p aS rH P ft 0 p
ft a) 05 CD o o ft CD ft as o rH ft > CD o 0 0 ft p o
P CD 0) ft •h CD cS CJ as ft CD •H o5 ft X ft rH 0
O ft CD •H ft 1 1 ft ft P P rH ft ft P P •H p o P >» !>3 rH rH
o aS ft ft p W o aS O a5 IH CD 5 O as O •H S <»J ft ft <S 0
rH
CM
O
CM
cO
CM
X
a
TT
3
rH
a
>
roP
P
v
1
«rH
ft
o
a
A
i
o
0
i—I t'-*
0 P
•H
p 3
as o
ft
05 «H
•H O
P O
aS *H
ft ft
§S P
H
>
X
t
4-'
P
CD
s
p ft
<d a>
ft ft
ft X
*4j w
rH
O
CM
O
CM
CM O
CM
tO
CM
05 CO
CM
W
oH
ft
o$
0
ft
•H
o
o
ft
•rH0 ft0 p
P O0 0
ft rH P
P 0 «H
o Po 0 O
ft
E-c|k
1*
*
I
1
1
.
• •<
rti < i:
j '
•
W •
o
TABLE
VIII
(Continued)
© rH
»•
to !>»
l
G ©
« •
TO f>>
1
G ©
© i B On)1 J=G» X> ft G t>a43 ft Cs G
43 G ft G «S © O ft o © O ft O
ft G © £ no *h a o £ np ft £j
o G G • G rH > ft G rH >
o O © © © © © *H © G © © © ft ©
ft © ft ft o © G 4-3 r\ 00 ft © G 4-3 40
40 o ft G G C G O ft rH G G G O ft
ft ft Oft© rP O © © ^ 40 O © ©
a! <b no ft ft .H ft *0.^ bO ft ft
G n0 G TO ft X rH G G ft X rH GC G O H ft G o © © O * © G o © © O
ft © o © to ft © O ft t>> G ft © O ft
ft ft © © fH ft rH © © ft ft
G © ocs ft G TP rH O S P ® nP rH 40 a GO O G © © ft © rH > rH © ©r-s ft © rH
ft G G © © OOP- & O *H © OOP- 40 O
o © ft ft 40 0 ft "M* G o w ft O P ft ^ G o 03G G C ft no S «s •h cd ft TO ft
ft © bO ft, O ©^ © bO bO g O © —
'
© bO
Q ft G O G 40 is. G © © G 40 5 4*5 G
fi f>ift •r! © ft ft o « O *H -H G 40 Oh O • O ft ft
ft ft f*- 40 nO rH rH ft o no H rH ft
r>» ft no O ft rH © t>>rH ft g o no © r’SrH Oh G Oo rH © 43 43 © Gp© © 43 43 © G G
(D i—
1
ft o c •H i—
1
n0 bO to ft rH np
c G <71 ft O i>» **ft ft ft G G G« S>> •v*M •H Oh Gft ft 4-3 ft © G ft O O © © CM ft o o
g TO ft G rH ft S o o £ O 40 goo ^ oG ft) ai G «r 1 ft © O o -
—
ft ft C3
<73 © G G o ft ft ft ft rH © ft ft ft ft rH ©
•H -P G O pH Go© G © bO w • GO© G ©
o pH C OH c © ft r*» G rH t>s © ft g © ftG ft O ft G G G fcO G © 43 ft rH bO G G bO G © 43© G ft G ft © G g © © G G Oh © g a
> 0) rH O G g G G 43 O © g a G GO 4P al ft j>3 6 G O O O G O G o o o
ftft ft O rH o © £ Oh ft o © O © St &ft G © o o ft pi © «H o o ft G
rH ft 03 G ft 03 •rH bOft ft P rH ft bOOn •H
© o p- ft G G G O G £j n0 © ft © G G o G C 'do ^ O (>* © ft ft ft © © £ o o ft ft ft © ©ft ft -—
-
OH ^ O 43 © O 40 ft © «H O 43 © O 40 ftG O rH ft G © 43 © © £ o © rH Sh © 43 © © £ oft G • © O ft H p p rH © > © ft H P P rH ©
o n0 ft © © G © ft «H o © G © ft
© C G © G nP © rH © ft rH © © ft ©H ti 5) 40 ft G G >»rG G G G O rH rH G >>4P G G GW ft G Eh no ©
-<rf. O .© © - d © <4 43 ft d o ©
0)
3
S3
>
tO
CM
ft
lO
CM
CM CM
CM CM
o>
ft
65
93
©
a
—<
g
o
X
t*4
63
O
ft
a
o
©
g
o
03 >»
© 4-'
0) tH
S o
ft
ft g
O ft
o
w <u
ft rH
ft 0)
G
£>
rl
©
T
r
i5
TO
ft G
1
O ft *3 np
•~T~
•H ft
n
'
© ftft
o © © © ft o G ft o ft
J>Oh ft G rH p* > © o np © G© O © S>a O © ft X P** ft © O np o~ C
ft a 43 •H G <4 G np G o
Ph to ft G © ft 'd © TO © >s G ft ft
a G ft np G © G X G ft a P G Ph *H XG
•H ft G © ft G •H © © o © P no o •H (i;
on ft © ft o © G no a G Q) © 4-) •H np a
TO G © TO o o G •H 03 G TO 40 © •H P G*H
© •H © G P © G •H ft -P © G
TO Oh © no r0 o Ph © TO ft © © G O Oh©
G G Oh Ph ft o •H P P< G a> > no © © PhPh
© o •H © O G G < X o o Hftft © •H 40 ft <d X
o o np TO © P, ft m b-rH1—
1
o £ 40 TO £ © —
w
ft to ft O
CM CM CM CM CM
3
_
G ©
a o to bOft ftO ft ft ft ft
G ft ft © © ©
Oh O © ft o o
© O P)
r>* a o >»
ft ft O ft ft G
ft © ft W G noO O G ©
ft ft ft © > ©
g a o 40 &ft © 0) ^
o 40 ft*
<D O
rH
K
W
-t 0.- C
-'1
: ir
n, Ht
: <»
i
'
H* »~l 5
bi to
.
o
-* c P . C <-4
Q (J Hi 4-
;• i <.
<v to h*
'! - - •
,
•
H*
<j> cs
TA
iLE
VIII
(Continued)
•• i
<n u
'< r l K>
1
CO fe.
/*
* •
-
. •
t • O
o >—
•
<*
’•
i
•
/>
• •
... o, <+< -
Y' t-i i-a
l r * 4-1
H» :.l j i i-n
o - -
< a L ; <
r * c,
J O
.
to * 1* o
«• : C .
I--. 0 <®
• Kr 0>
L.
h*
.•» <i>
**"
; 3
*>
<J . - c
ra h>
'-r 5
P. t: ft-
w »*
<
-
l<» 1» -< *-+
,T
'
, V.
- t *t *-
Cl
.
(tI H» to
•< u. c .-
- t-t
(-1 1-1
f
7 <1
c o
1 ‘
a
a a
- r i 1 IT
. : h • o i-*
fl
a 1 e , c>
1
» c ‘ -
TA
3Lii
VIII
(Continued)
65
ft O © p ft P o p . 03 d d P © d
« P coo d © p 03 © p p O d ©
© © © P — © o p p p *>d ftp P XI © d © O P d CM © d © P d d
ft O © rd d d c- P O d p o o » op >s •ft d p d xi © ^ ft bO © g P p p
o © d P p g do — P © d o o d
d
©
a
©
>
03 i d • ,
© d 03 d O 1
© d o d 03 P O
? T5 . © o P Oh d p bO d
d P p P O d 03 P © d d
© © p p d p P P CH C© © o m © bO © O
d d d d ft © ft d © OS X3©P o © bo o d o d d o g —p p > OS '—
.
d p © p © d © hp © g to PiP d ft © O p ft
d o d CO © © 03 •HHJ;p © © ft 03 ft p © d m p
o- P O—' P o p d © © o pd ft ft ? d O • © xi O © ^3 »
© © g? 0) • * d d ft 03 p p d d O P
C3 O —* P 03 P ft © IT.. d p p p
d P p d p • P © O P © xi o d ©
g • d p d g g xi & «£ to d o
o © d O P o p P -
—
•> d ft © d -pd P p © s g O -p is
CJ
©
A)
hO
C
05 P
O
03 ft
O
<n
o5 dP
to
03
g
OS
d dd p
d o
© o
to o
d
<33
ft
d
>> ©d d d p P ft © o o © d d Ohd ft © d p o © p g^ © © ©
d p d © © © l>>ft to o p xi P ©
O d ft P bO © p o xi CO d d o p o d
o o © d d © d P £ © © ft^ p ©
o •H <D «ri d d O P d OP PP bO © bC W p ft d © >* 03 © « P d p Ohd
-p p
O P
© PH d
© d
03
P
03
P
-P
d i>» i>>
<3 P P
• d co
ft © ©
• P ft
g C
• <13
<D 03 O
d
d 03 o
«lj P ft
03
)-P
05
g oP
03
P «H
ft ©
OP 03P d
03 P
& s
05 ft
g O
P
-P
03 d
d 03
bOd
os 2
g d
o
<rt d
o
d -pO ft
-P P
03 C3
d <D
bO d
03 ft
^ d
d
d Op X3
O o5
03
rH d
0) rH
03
d ft
<ij Oh
o5
ai
•H
•P
d d
03 ft
to
d d
OS o
ft 4-3
i d
03 ft
P P
-p
ft
g
^
*D
rH 03
03 O
©
C) ft
•H ft
d
dd <D
o p
s
-p
rH d
© OP ft
O ft
O O—
>
p CM
->d o
rH d rH
03 ft ^
03 •>
—
P >>
03 £3 •d
•» d h
d 03 03
O N ft
d ft Oh
ft ft
03 Od Ch
O bCP
05 03
e
&.
03 05
g &
O
O 05
03
03
O
03
ft
CO
(M
CM
rH
CM
CM
to ID ft
CM
Q
1
o d^
0) 03 © M
rH d ftx;
© © © PhX
d
flBS A
03P
d
03
Sp
d
©
ft
P 1
© o d
d p © d
oCft P o
© o d ©
g © d op © © •r-l
© •H d d d
o © p
d o © bO o
© p ©
o © p
© © ©
S T3 d
o d •H © dW © g ©
P
,
d
X! ©
ft gd p
d d
c** © ©p ft ft
d ft X!
© < H
© p ©
© fQ
d d
© to
O © 0-
g ©
o d
d ©
xio-*
dfd
©
b0 -
d <
o
d XI
Id p £ © d
5
O
©
dp
©
>
ft
CM
OP lO COCM CCP CO lOCM
~Fpp
o
CO
op
ft
o
ft
o d ©d d w p
P. d d ©P o d
i» p bOp >» © ©P p d g
O 03 op d d dd © © pPOO o
o d ©
© d p
rH
w
Iri »
* •(>
,
1
1
1
.
a
' 4 -a
J* : ; '
- O h* - c
•
• •
.
•
•
-
#
r-
f ' •
-
'
•
•
TABLE
VIII
(Continued)
I I TO
• P p d TO
•V P ftX3 TO 1 O ft i dd TO—* O IQ TO P d TO o O TO ft 1
TO si ^ ^ 5 P CO O ft bOft P, ft ft TO
ft P lO P O *3 X 5 TO TO—
»
P O Pi
P O d — TO a d X! ft TO ft ft P
•tf TO ^ C Tl TO P O P ft rd TO 5 P.
d Xl Xl TO O XI » • *•, (D TO ft ^ P a P TO
TO P TO TO P P TO d X3 ft ft^ ft d ftO TO 5ft TO TO P to o d P ft TO ft CO
TO—
>
TO P TO ft t>> o TO TO O • d TO O o d
0) (Ti X3 TO TO TO O o d OPjDP o X TO P. TO
rH IQ TO P X> Xl ft P to d ft to ft rO O rH PiO rH TO TO P fc>> p ft ft TO ft Pi TO P
ftje TO TO d rH © TO O o d o d dP O TO TO Xi TO P p GO ^ ft TO d O GO
o rH P ft TO TO P •d PiP TO O Pi 0) ft
? • TO P TO P g ft Pi Pi Pi o xJ a x3
-P a> ft TO ft >» TO d p P d ft TO O 5 O P
o TO d ft > TO o o O * ft ft p p
TO P Pi P TO ftp d TO ft ft Pi to d ft d ft ft
TO TO O >» TO O ft 5 rs ft O ft o ft TO o •H
rH TO ft TO TO P TO P TO TO O P O ft O X) ft
ft to t>» 5 P 'd TO P d a o p ft O P O Pi
ft rH ft TO rH tn ft C X5 to o —
*
d ft d TO O O—
'
ft o
O O 5 TO ‘O t) a) TO 0~ d ft O TO TO d oi ft p
d ft rH TO p a ft ft d Pi d -ft o o
ft TO T3 TO TO d TO TO O o o ^ O t>» Pi ft ft d ft to d
Pi rH TO O To x4 d Pi'-' TO O d TO rH TO ft ^ r'J'b •
ft TO TO TO rH ft ft p TO TO ft bO TO Pi x
—
* TO to d ft
OJ ft TO O P P hop Xj Pi TO Ph to P ft 5 O OJ
Xl ft rH ft O TO d TO •d to TO XI O TO d ft GO ftO TO > TO ft Pi TO O xl p p d ft cd —>*
TO TO ft O P P T} TO bO d O TO TO »ft ft TO
•H P TO P > d to p ft ft P . d TO TO rH •
TO !>s O P P TO TO TO TO TO ft ft d to pi TO P 6 N ft ft bQ !>s
5 X> ft TO TO ft rd d XI TO TO O ft TO TO Pi ft Pi ft d to
rH -p d O TO p O > O ft ft TO d ft P 5 6 P.
to
'
d TO bO ft ft ft d ft ft TO d P hO TO O ft TO
TO d to O Oft TO TO d Pi TO d TO TO ft d ft oo TO dft Tj ho a o ft o o x d P ft bOft d a O bOP d to
TO TO TO TO ft TO o ft d bO TO TO O Pi
S3 3 S OPTO© d <D TO TO Pi TO TO wad Pi TO TO
cO O P TO XI U bO TO ft ft ft P O B rd TO hb ft Xi TO
TO P TO ft O d P TO poo TO ft P p O TO TO O P to
S P J* ft ft bO d TO TO bO o r'S to e a TO O TOd •H £? TO ft a1 d P X d o d d d ft ft o ft d ©
^4 TO t-J 3 <4 S O TO W ft TO «aj ft ft ft <4 o Oi O TO pel TO ft
i
©
2 CO Oi O CO cO rH rH o
ft rH ft rH ft OJ CM OI
CO
>
q x
ft
ft
X
to d ft X
ft TO ft »
S3 TO <4 P
to TO ft d
a TO XI TO
•H 14 O ft a
u TO ft ft ft
TO a pn d Pi
ft P 0" TO TO
X! P O bl) ft P,W TO TO d Pi XI
X3 ft ft <tj w3 TO Pi-*—
TO
d CM tQ lO CO ft cr>
rH to o ft rH rH OJ ft
cO C\I OI
>
!
“3“
TO
X>
o
ft
to Pi
o p
•H o
ft TO
o ft
EH TO
TO
XI
a*
1 I
1 1
1
-
<S> V-
•
'
•
‘
-
' •
.
-
.
'
•
k- c a>
•*(J~ —
f > H*
hi* .
»
• •
C
.
«£ i
•
» $ JA
^ .
r» tc O'
a ::i
n *
5
-i e (0
*-
•
3 hi
,jQ
•3
l~i 1-,
- ,vr
«—
TABLE
VIII
(Continued)
67• • o1 73 d 1 1 73 d
0) 1 d 0 73 0 If) 0 1 d 0 P lO
43 43 OT 0 41 O 41 CD 45 41 0 0 43'-' P COp P p d d p «s P •H P do s-
[^ft ^ OH* ©ft ^ t>>P d OlO © d ^
03 £ 7d 0 lO 0 0 0 £ 73 0 se 0 73 0
B d 41 4d as £ 0 0 « a c 4l 41 —
"
£ O 4l •
73 0 P O'-- P 41 0 73 0 p o P d P 0
rH 0 O 0 0 P 0 P 0 O 0 0ft 00 o 0'-' 0 45 ft ft 0 O 0 '-•» 0 4> 0 P
4* 08 0 CD 41 0 0 O 4* 0 0 0» 41 0 0 OO rH ft lO O P d 0 0 ft O P P U3 O P d 41 ft
•H ft O P 0 O O d p ft O P 0 O O P 4~>
d ft^ 0 0 P £>4 0 0 d ft^: 0 0 P ft 0
S3 d 0 rH > 43 d d 0 0 0 41d 0 o P P p p d p Si 0 o p p P 0 0 P
o 41 ? • © P d o p o 41 £ • 0 p d d
£ p 0 ft 0 0^ 0 d £ P 0 ft 0 ft t>» 0 d
-P o 0 0 d 73 0 P o 0 0 p > 0
rH C! p d d 0 d P d 0 p d p d d 0 d p d 0
w 0 O'-' m o 73 0 £ 0 o -— 0 o t>> G P £
Q) 45 ft 02 0 ft tn 0 d P 45 P W 0 ft 0 0 d 0 P
ft O P o 0 t=*s 5 O 0 0 © O p o 0 £ O d 73 ©
ft O o rH P ft 0 P 0 41 4> OOP P ft 0 P ft d 43
•H o £ 0 d P P d & o £ 0 d 73 0
o '73 —
'
p P O d bO 0 •'73'-' p P O 0
d rH d 0 73 0 0 P 0 d o ft d 0 73 0 0 P W 0 O
•H 0 -H • p 0 P > 0 d © p • P 0 p 4)4 C
S-. 0 73 0 0 0 P O d 0 0 73 0 0 0 P o p p CDw P !>sft 0 p 0 o cd m p p ^ rH 0 P © O 0 d bdP
tn & 0 43 ft p ft d 0 0 0 0 43 0 41 ft P ft d 0 d 0p o p p p •H o p > 0 p
•*73 ft 0 0 ft o P O 0 73 •* 73 ft 0 0 ft O P d 73
d © •H 0 ftP d o •H 0 W PO N O 0 >s O P o © O N O 0 >S o p © 0 0d ft ft £ 45 p 0 ft O ft 41 d P P ? 45 P 0 ftp 41P P P P p d OP P P P P rH p S3 O O 0 P0 0 0 73 0 bO P 0 0 0 0 73 0 b0 ftp
*3 & g, 0 d 0 0 0 4l ft ft d d 0) d 0 0 Ofto ®8 P 73 to g o dP o O ho bo P 73 bb a O O ft O0 0 0 d 0 d 5) 0 0 0 d 0 d p
« a a d d a 0 O 0 ft 0 w a a d d a © o p © ©0 bQ O 4* ft a o d 0 bo o 4* ft 0 41 dO 0 0 0 d 0 p 0 O 0 0 0 d © p d p 0
® g ^ a d >3 P 0 o p d 0 g B d 4* P © to dp o d d •H Ch 41 5 O CH p o d d ft d 41 0 ft O'
fH OH <J 0 ft d ft P d 0 ft O P C 0 ^ 3 Eh £• o 0
0
d
ft
0
>
9
0
P
S3
0
B
ft
d
0
ft
K
0
rH CO lO CD £> CO £> CD CO
0 C\i p P CVJ rH rH
t>
0 41
d
o 0
w 43 d
o ft b0
ft 0 0
ft rH P
o 0 0
Eh p P
0 0
41 41
EH Eh
m•
I
*
' Z> iJ
ft»
•!
.
A O
i -
TABLE
VIII
(Continued)
P 1
0
0)
rH
ftP
O
2P
&
<D
rH
0
0 X3 •sp S3 d 05 •
ft 43 oO 0 S3 0 rd X0 P 0 p O rH 0 a 0
o •H g P O XI 1 0 0 X3-
X © P ftp O 0 ft p0 0 X o P X X o
x •
H
0 o o •d 0
• 0 SI & x •H p P X S3 Xl XI-X XI ft «H P S3 0 0 p o
0 p <15 •d 0 pH •H ft o 0
t>s o Xi Xl S3 0 O 0 0 0
O S3 <d p 0 bC pH ft S3 0 O Xl
X 0 o XI 0 rH 0 rH to o pP 0 S3 p g 0 0 SH O pH 0 o
a o pH O X $3 P ft ps 0 ©
0 p ft o 0 0 O m X
•d
g
bOp Xl ft •3 o rH + 5
0 S3 p g xl S « 0 p
X X ft ft 0 P O P p 0 ft 0
o o P 0 S3 O SH o 0
ft 0 O r © S3 ft ft p X X 0
*0 X 0 bO 0 ft 0 o ft
0 0 tH S3 £ 0 St 0 ft 0 ©p S3 £ 0 0 P •H O Xi 0 ft0 o r—
*
U 0 pH O rH ft pH
0 w X) P x 0 ft P o £ 0
X g rH S3 o XI X O P rH
o o •pi ft bQ 0 ft 0 2 0 T3 0 0
x f>» •H O ? ShtI <—
>
pH 0
0 ft x 0 X X 0 S* ft 0 0 0 rH
x • X o 0 si O OJ 0 P 0 O
XS 0 0 0 P ft Xl ft O «3 Xl ft rH ft
X 0 o o ft 0 p 0 —
'
O
0 bO1 d t ft 0 0 ® ft O
O
?
4->
’ 20
ft
o
P
O
2
0 TJ
& O
-P
0
X
S3
o
X
ft
0
XIp
0 CQ
rH 0
2
ft l>>
0 rH
X -P
O
X 0
O XP
2 rl
o
ft o>
-P 0
0
X
a
2
ft
to
<D U5X 0D
0
0 •
to
l>> o
rH rH
O
ft
0X
-p
0 ft
X
ft
0 ft bO t=-»
>»
0 r*»
O
0
X
ftp
0 0
O 4-> 0 0
S3
'd 0
0
0 -Sp
0 0X Xp
bQ 0
2 o
I
0 I
X XIp
*>»ft
as £
rH 0
0 O
X as
O rH
ft ft
c
c
X 0
o XI
rH 2
0 O -—
'
X5 tI OJ
O p o
O OH
**T3 »
pH 2
0ft •
0 *dP fHft
0 ,0 0
•rH
••'d ft
2 0
O N o
68
S3 X 0 0 0 0 X <—» •H 2 bO £ X p 0 ft P X X •H •H
o > X 43 X © P is o X rH ft 2 o O ft P •H p p
S3 P X p 0 2 05 rH 0 0 'O O bO 0 ft 0 0 0 00 0 2 2 2 *H bOte; ® 0 2 0 2 0 O 0 •H ft 2 fto x> a4 o 'd ft rH 2—
.
2 0 P 'd bO g o X o bO bO0© pH •H o X © oS X •H P 0
ft <3 0 0 O 0 -d * X 0 0 2 g 0 o ft O 0 0 g g
bO ro p •H X P TJ p X 0 bO o X ft 0 XX 0 0 0X o o 2 ft P > rH a p 0 0 X 0 p 0 2 p o0 0 0 bO O 0 0 o 0 g X X p bO 0 0 g
S3 P X X a 2 ft X P rH 2 0 2 p 2 X 0 X ft •H o 2M p 0 •H P O ft ft 0 iH 0 X u E-i g ft o ft o •H
05 to p PU>
rH 17 rH rH OJ P
X
9
0p
20
g
ft
X
0
ft
w
I
S3
•H
X
ft
0
XIp
0
p
0
43
0
xlp
ft
O *H
X
0 P
pH O
ft 0
ft pH
O 0
O *H
M
<d p
* 20
X S
S3 ft0 x
ft 0
ft ft
<3 X
-
— kJ
0
2
pH
0
>
05 0
01
<0
0J OJ
0
o
ft
ft
o
ft
I
O
g
XP
o
0
pH
0
0
XI
ft
X
op
2 X
O 0
X X
ft 0
O 0
X
0 X
XI
ft
t , ’ o
—
v
. j -
'
C" - 03
o l?.
C> Hi
4- l
.'V
0..
4 i •
I
I
V t
Mi in
<4
. :
!t G
« X
. i
> . .
*
h-i • t.
> n
'-1
1, i - : to Of
O 09
- M 0 0 -4 f . !
o h*
•
O. 1-4- .04. q
i- *4
it*
' 6
> 4-t c.
cv r> f
•
• >c
• 4
fi» 4> (H > -(3 (- • M
!
10
1
it
Of n
05 ' | !
t o
< CJ C4- O
a, ,
-
M
•
> O
t-p : h
o c - n
O '
I
'
-
,• C4-
t •
?•
*
:
•!
-s
t-t.q
c*>
r- t:
1-1
.
o o
..
• q
tv o
-i
* o
o
* »
t
C ! *
,
..
r 1> a
J
h-A 4
1.3
O U M
<0
4
* l
—l—,- -
'
.
O
o
1
1
C
A
A
f-i
<u. g?i
£
o
c
€
€
j
IA5LE
VIII
(Continued)
6.9
*
I
i
1l
c
TABLE
VIII
(Continued)
70
03
CD
ft
ft
ft
O
dH
d
ft
a)
d
0
1
d 1
1 d3 d 43 0
O X ft 0 • 0 O d
43 0 0 0 0 ? in ft 43
43 (J5 a Od OH 0 d
i>>ft Xl^ H 43 H *=£ 0 43 <0
43 H •d d ft'-' d d ftH (D hH 0 0 43 * *H CQ
O d bO^ >>43 O 0 ft 43 0 d
ft d d ' 0 © O O d ft 0
d 43 a> d & «h d 0 d
43 as d • 43 U a) 0 0 d 0 43
O d 0 >» OT O 43 g d d
a) 0 bO 0 ft d W ft d O m
rH ft 43 U TS 0 ft 43 0
.
ft
0 £ aS 0 0 0 S rd0 0 d d d >» 0 O 0—
-
O 43
t>5 43 © O O'-' d d rd ft O d
r> 43 d rH ft ft
Cm 0 43 n- S rH 'd 0 43 ho ftd odd 00^: odts O 5
0 4-c bO 43 Jl,— O 43 c 0 O d
43 0 ft 08 ft d 0 rH • rH O
al © ft rH 0 » 'd 0 © 43 ft 43
0 d O d TJ 0 0 43 * d O
O 0
£ 0 O 1 r—
0 ft d d m
r~) 0 0 d rH
ft 43 0 •
0 0 0 SS'-'
0 rd ft 0 rd O
,d 43 to ft 43 rH
43 0 d ft
ft d 43 ^00 O 0 ft
43 m to 0 OO
-P tH ^ rH d
0 d dl 0 0 0
0 as 4J '
—
43 s
d ft d ro ft
0 bO * 0 ft 43
4J-P C!
03 0d
0 4 3
0
d 'd
d
© 0 d 0 Xi a" ft 0 0 d 43 ft bO fH
43 t>> 0 O d 0 0 ftrd 0 ft d bO
0 rH d ft d O 4 1 O ft £ 0 d
,0 43 0 0 d 0 43 43 d 0 rH 0
d d 0 d 0 0 0 ft ft 0 « 0 d0 0 0 0 0 0 P O 0 & d 0
•h rO d 43 0 0 d 0 0 d
0 0 43 t*jft 0 •H 0 •H ft d © 0
•H cri' hQ 0 d & ft 43 rd 0
d ft d d 43 rd 43 0 0 43 0
0 ft O 0 0 ft 43 0 d d rH © 0 O 0
rd d ft 0 d 0 •H rd 0 0 rH rd rH d 00 bO 43 W O & Eh d 0 «0 43 w 0 ft
in rH CD 0n> 0
CM CM rH CM
bO
® 4> -P
•H
x3
0 bO
O ft 0
d xi
0 '
ft d
0
n
O 0 o
bO CJ
© d ©O a) H
Xl 03
O >d
©
> ©
d
ft.
43
0
0
rd
43
d
©
d
d
d
o
§
bO
d
t>» 0
d Xi
ot 3
cfl C! H
£ O CM
ft O
0
0
o
S
O 43
s
o
o
d
0
as > 43
O d
p*
bO
d
0
d
0
0
fc>» 0 0
JD dd
43
T) 0
0 xl rt
O 43 £
d as
tS o
o 43 ^
0 d d xl d 43
0 •H ft d
d d 0 0 0
0 d ft 43 43 d d
ft d 0 d 0 0 d
0 0 ft 0 •r 1 d
0 d X! 43 0
0 ft d
0 rl f>5 © <44 0 0
rH d bO g O ftrd
0 43 d d O 43
•H O 0 O 43 d
d 0 d ft d ftft
0 »h 0 0 d 0
43 © d Q 0
0 ft 0 S ft 0
g d 0 d 0 d
0 O 43 43 0
ft ft 0 d d
ft ft d 0 Xi o> 0
<1; O-PH Eh d 0
0
d
pH
as
>
to
cm
§
rd L 1 0
ft bO q Xi d bO * d0 d ft bO d d © ft0 0 0 0 d 0 0 •H d =S
43 0 d 43 0 O ftd 0 0 ft d d d O £ bO0 0 © O 0 1—
1
d1 ft © 0 43 c XI ft 0 0
«h ft r> d & d ftd 0 0 O f>> ft 0 X30 0 rd 43 ft ft ft bC 0
ft 0 ft ft O o* d
0 0 •h O 43 43 43 0 0
c4 0 d 0 0 ft 0 d d 0
O •H 0 rd d 43 0 0X3 0Q d 43 43 ft rd d 43 TJ
0
d
rH
a)
>
a>
o
«H
ft
o
Eh
in
CM CM
in CD to
CM
bO
d
ft
43
a5
0
rd
o
ft
d
43
0
01
rH
JP
CO

TABLE
VIII
(Continued)
<*»
OQ

TABLE
VIII
(
Continued
)
i
ft
0
-p
0
r)
0P 72
p b0 0 O O •h p hP © O •H
CO 1 0
aj p 0 ft ft w d rH ft 0 0 d
1 ^ 0 • #£j £ .h p P «) O 0 o d ip O 0
0) s o p * p s ft 0 i—
i
Ph P p d >>ft © Ph Pp—
'
p 0 O 0 -d d ft 0 p p 0 p d © Pp d 0 bO 0 -d d O ft W P d d
CO • p 0 •*» 0 d ft ® 0 d o 0 bOO ft oH d ft T3 ft p ft a ® 0 ft d ft w © 0
£3 bO ft CO 0 O p ' ph ft +5 0 ft p d ft p pP P o d hP *d d © o 5 P o P o0 ft as O 0 o O ft p >j 0 t>» O O ft >» 0
bo d P P £ o P P o P ft 0 P o 0 P
d © 0 4-5 P P 0 bO d § ft ft ft ft 0 p s rl
ft a 0 O ft d 0 d TS c- 0 0 >
a +> O 0 0 ft ft ft 0 0 TO m -s 0 p ft m
• O a5 •H 'd p ft © ft ft 0 '—
'
p d ft ® 0 ft 0
O 0 a ,3 0 m o b0 ^ 0 » ft 0 o ft 0
P ft O P p d •h 0 d p ® p d © P P O CD p d
CD p O O'-" 0 0 P 0 0 p P P !>i ft 10 © ©
> o ft ft c- 0 0 ft ft a ft >> © d p ft p ^ a ft0 O P •H TJ 6 ft pop S c fH 00 O ft O P '
—
&
© C3 0 o ft p ft © ft o ft o ft
fH d *H o p 4-> ' £ O bo O ® o -> u 0 0 d 0 Ph • o •>
ft i •H rH O 0 ft P ftp ft CO P O ft 0 0 O 0 0
ft TS ft p 0 • bO POP © a © d ft d 0 p ft 0 aO <rJ © o P 'd 0 d 0 ft d o 0 0 O 0* 0 Ph d d od CD 6 0 d o 0 o ft p p o p ft P P 0 0 o PH CO P r*> rd"-' bO d t>> 0 0ft 0 ft 0 0 (0 0 g 0 ft ft 0
Is d o cd d ft 0 d 0 P ft oft-— P ft ft P 0
ft <*H ? OCv) £> 0 ft P P P *0 'OnC d 0 P 0 0 > 0
t>s m ft X) 0 0 0 ft m a 0 0 0 w d ft ft 0 0
bO d aS ' P O > 6 p ® hOfe: bO o ft p 0 d bOP 0 aS 0 ft j © ft d d -
—
p *»ft >jft ft 0 a* P *>
CD P ft • > © d ft ft 0 ft ft 0 0 bo d p s p 0 0 0d p ft bO >s 0 ,o & d p d ft ts * ft •d d 0 P *-P ft ft d© ft d bO d 0 0 (X ft t3 o o o O & d rH o o
00 £ O 5s Ci P t3 0 |> H ft p ft Ph O 0 P 0
ft ft rH <D d 0 p P ft O ft O 0 t»p ft O O ft P 0 O >>P
CCS 0 0 d 0 O O d 0 p p p ft ft 0 p P ft 0 0 ft ft 0O CD c ® O 0 Oft Pfft 0 o 0 p. d a © O
ft O O *4 p * ft bOft > p 0 ft O 0 0 I>p d P 0 0 r”i ft 0 0 d o •> © ft 0 d 0 0 O 0 0 ft ft 0p as p 43 0 bC Oft 0 ft p ft 0 £ ft O O P ft
o p o P 0 P ft ft d ft od d ® p ft p m © p d « ft P0 00 0 O aS 0 P^P <b p d b ft CO 0 0 £ Ph 0 O 0
ft ft ft d 0 d 0 ft ft 0 (D ft o o o d 0 ft ft ft ©ft p o d0 CO pcj 0 ft ft o 5 «£ d p p Php ft O ft ES 0 p ft 0 P ft o
©
'rJ
ft
0
>
X
o
ft
1
w
4-> *
a
0)
5
•H
Is
0?
ft
XW
<0
d
1
—
1
<0 c- 05 ft CD ft
as rH ft rH rH
>
bO
d b0
•H dp •H
0 P.0 ft
o pH 4-5
•H o o
ft p p
o p p
Es o o
1 0 0
rH rH
ft H
'
TABLE
VIII
(Concluded)
i
Other
precautions
/*
'
/•
ft u
k* :
< 10
t V'T
-
i i
•
*V
.
gft
’
I'
• '
'•>
'
i
74
Findings Tab 1 e VIII . An examination of Table VIII
shows that some topics such as Early Ideas of Magnetism
did not lend themselves to development by means of an
experiment. Other topics such as Magnetic Attraction have
had three experiments suggested.
Table VIII also shows that the total values ranged
from 5 to 25 In the judgment of the evaluators who marked
the topic for suitability in helping to develop in general
science at the eighth-grade level an unders tending of the
principle for which the topic was evaluated. The same range
„ of total values, namely 5-25, was given by the evaluators
to the experiments which were evaluated by them.
Table VIII further shows that the combined judgment
of the second group of evaluators resulted in the place-
ment of L after thirteen experiments, indicating appro-
priateness for performance as a laboratory experiment, the
placement of D after eleven experiments, indicating appro-
priateness for performance as a demonstration, and the
placement of X after three experiments. Indicating equal
appropriateness for performance as a laboratory experiment
or as a demonstration.
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CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This investigation was undertaken because it seemed
desirable to determine for a general science course at
the eighth-grade level a composite outline of subiect-
matter topics for the area Magnetism and Electricity , the
experiments related to these topics and the scientific
principles which could be defensibly assigned to the des-
ignated experiments.
The survey of related literature strengthened the in-
vestigator's conviction that a functional understanding of
*
scientific principles was a worthy major goal of instruc-
tion of science at all grade levels and consequently an
acceptable goal at the eighth-grade level. It was there-
fore undertaken as a part of the problem of this investi-
gation to establish the functional understanding of scien-
tific principles as one of the instructional aims in the
specific area Magnetism and Electricity .
A careful evaluation of available suitable textual
material resulted in the final selection of sixteen text-
books of general science, nine accompanying laboratory
manuals or workbooks, and twelve teacher's manuals. Of
the sixteen textbooks chosen, ten were written specifically
^
for the eighth-grade level, five were general science text-
books intended for use in either grade seven, eight or nine
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and one was a textbook written to present to teachers pro-
fessionalized subject matter suitable for general science
at the junior-high-school level. This textual material
was subjected to several analyses which resulted in some
very interesting conclusions.
The first of these conclusions w-:s the establishing
of the grade placement of the topics kagne t i sm and Electric-
ity
.
The authors were almost unanimous in placing both
these topics at the eighth-grade level.
However, the authors were far from unanimous in the
emphasis they placed on these topics as judged by the space
devoted to them. There was so little agreement among them
as to the spatial importance of Magnetism that the range of
pages devoted to this topic was from 0-14. The same sit-
uation was true in regard to the topic Electricity where
the range of pages was even greater, namely from 0 - ?S.
Considered as a percentage of the entire book the number of
pages devoted to both Magnetism and Electricity ranged from
0.0 percent in one book to 11.4 percent in two books.
An analysis of the textual material to determine the
subject-matter topics for the area Magnetism and Electricity
also revealed further lack of agreement among the authors.
After a master topical outline had been compiled and later
approved by a group of science teachers enrolled in a. Sem-
inar in Science Education at Boston University, the textual
materials were once more analyzed to determine the method of
presentation of the topics that wrere in this outline. Again
there appeared to be lack of agreement among the authors. Some
,iff-ijc to *'3 3 C ... . 3 1 < e •
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topics were presented as topics in chapter, center and par-
agraph headings, some were implied by the text or by illus-
tration and some were omitted. There was a tendency for
the authors to state topics relating to Electricity as chap-
ter, center and paragraph headings and to treat topics re-
lating to Magnetism incidentally, merely implying them in
the context or in an illustration.
When the textual materials were analyzed to determine
which experiments relating to Magnetism and Electricity were
included therein, special attention was given to the labora-
tory manuals. It was found that there was little uniformi-
ty in either the experiments incorporated in the laboratory
manuals and textbooks or the manner of their presentation.
When the composite experiments were formulated from the ex-
periments found in the various laboratory manuals and text-
books an attempt was made to adhere to an identical form of
presentation of the different experiments.
After the composite experiments had been 'written up,
they were assigned to designated scientific principles which
they represented. The majority of the science textbooks
that were examined in this investigation either omitted sci-
entific principles entirely or gave them very little impor-
tance .
In the two books, Book E and Book J, where a few sci-
entific principles were definitely presented they were well
expressed in language suitable for the eighth-grade level.
In seven textbooks, there were lists of key statements or
summaries that could very well have been rewritten as
.
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minor scientific principles. The principles assigned to
topics and composite experiments were taken from the lists
of scientific principles formulated by .Vise and by Jones.
Only those principles were used which seemed to the inves-
tigator to be suitable for development at the eighth-grade
level. It was not always possible to select from Wise's
list principles that were stated in language appropriate
for the eighth-grade level although most of the principles
in Jones' list met this criterion. For this reason, it
was considered proper in certain cases to follow a princi-
ple by Wise with a similar though less comprehensive one
by Jones.
The composite experiments and related topics, having-
been assigned to designated principles, were then examined
by the specialist in the teaching of science directing
this investigation in order that the assignment of said
principles might be validated, borne additions and dele-
tions were made.
The assignment to designated principles of the com-
posite experiments and related topics was then evaluated
by five experienced teachers of general science, all mem-
bers of a Seminar in Science Education, Boston University,
1946-47, and the topics that had no related experiments
were marked by five other evaluators, all experienced teach-
ers of general science at the eighth-grade level. There
was a high correlation between the values given by the two
sets of evaluators. In most cases principles that were
stated in language appropriate for an eighth grade received
t
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the highest score.
The second group of evaluators who gave their opinions
as to the most appropriate method of performance of the com-
posite experiments favored the laboratory method more than
the demonstration method of presentation of these experi-
ments. There was almost a unanimous choice of method al-
though each evaluator worked independently.
The writer recommends the discussion of the topics in
the topical outline presented herein for the area Magnetism
and Electricity and the performance of the composite exper-
iments related to the respective topics as a means of devel-
oping in eighth-grade pupils a functional understanding of
the assigned scientific principles. The fact that there is
a definite even though slight trend toward developing specif-
ic principles in textbooks of science at the eighth-grade
level of instruction should encourage teachers of science at
that grade level to seriously consider the development of a
functional understanding of scientific principles as one of
the major objectives of their science teaching.
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APPENDIX A: COMPOSITE EXPERIMENTS
COMPOSITE EXPERIMENT I
Topic ; Polarity
Question ; What happens to a magnet when it is suspended
by a string?
Principles ; Like magnetic poles always repel each other
and unlike magnetic poles always attract each
other. (W*54)
When a magnet is allowed to float or swing
freely, it will turn until it points north
and south. (J*5)
A magnet always has at least two poles and is
surrounded by a field of force. (W 159)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles. (W 85)
References ; Book A, p. 375
Book 3, p. 446
Book c, P- 460 Manual
,
p. 124
Book D, P- 1S6
Book F, P. 234 Manual P. 103
Book G, p. 428
Book L, p. 386
Book N, p. 323
Book o, P- 416
’The W means that the principle was included as here
stated in Wise’s list of 264 principles of physical science
suitable for general education, grades I - XIV, inclusive.
The J means that the principle was included in Jones’ list
of science principles found in ninth-grade general science
textbooks
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Question :
Materials ;
Procedure
:
Conclusion;
COMPOSITE EXPERIMENT I
What happens to a magnet when it is suspend-
ed by a string?
Bar magnet.
Silk thread..
Support (A stick about two feet long, fas-
tened at right angles to the wall can be
used.
)
1. Tie a long silk thread around the middle
of a bar magnet
.
2. Hang it so that it will swing freely.
3. Let it come to rest. (Be sure that no
other magnet or piece of iron or steel
is near the magnet.)
4. In what directions is the magnet ooint-
ing?
5. Mark the end which points north with the
letter N made by a piece of crayon or
colored chalk.
6. As a check, repeat the experiment, using
another magnet.
7. Mark the end which points north. Does
this magnet point in the same direction
as the other one?
When a bar magnet is hung up by a string so
that it can turn freely, it' will come to
rest approximately in a north-and-south
direction.
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Topic ;
Question :
Principlss ;
References
:
COMPOSITE EXPERIMENT II
Magnetic Attraction
'What substances will a magnet attract?
Pieces of iron, steel, cobalt, or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles. (W 85)
A magnet always has at least two poles and
is surrounded by a field of force. (W 153)
Like magnetic poles always repel each other
and unlike magnetic poles always attract
each other. (W 54)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (J 1)
Any magnet sets up lines of force about the
poles of the magnet. (J 3)
Book A, P. 375
Book B, P. 440
Book c, P. 459 Manual
,
P- 123
Book D, P • 137
3ook E, p. 3S9 Manual P. 95
Book F, p. 234 Manual P- 103
Book G, P- 427
Book I, P- 459
Book L, P. 385
Book N, P- 322
Book o, P- 415
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COMPOSITE EXPERIMENT II
Yof c
Question :
“Z
-
wf'‘rCl «iuC
Materials:
*
What substances will a maenet attract?
A magnet, either a bar magnet or a horseshoe
magnet
.
Several of the following substances:
Paper clip
Rubber band
A marble
Collar button
Match stick
Pen point
Piece of chalk
Bit of glass
Iron filings
Thumb tack
Bits of cloth
Bobby pin
Gold ring
Needle
Na.il
Dime
Tack
Button
Thimble
Key
Eraser
Cent
Stamp
Pin
Wooden spool
Metal snap
(small pieces of nickel and cobalt)
Try to have these four substances.
Procedure : 1. Make a chart on the blackboard. Pupils
make a similar chart on paper.
Have three columns, with these headings.
Column I Substance Tested
Column II Attracted by Magnet
Column III Not Attracted by Magnet
2. List all the substances to be tested in
Column I.
3. Test the attraction of the magnet for each
substance by touching each of the objects
with the magnet.
Note : The teacher may begin the testing
and then have the pupils continue it.
One pupil could do all the testing
while the others recorded results.
Each substance might be tested by
a different pupil.
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COMPOSITE EXPERIMENT II ( Concluded )
Conclusion:
4. As the substance is tested have the
pupils notice what happens.
5. If the magnet picks up the substance or
attracts it at all put a check mark in
Column II.
S. If the magnet does not pick up the sub-
stance or attract it put the check mark
in Column III.
7. Study the completed chart.
8. The substances that were attracted by
the magnet were made of - -
-, - - - ;
- - - and - - -
.
The substances that a magnet will attract
are iron, steel, nickel and cobalt.
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COMPOSITE EXPERIMENT III
Topic :
Question :
Principles
:
References:
Magnetic Attraction
What parts of a magnet have the greatest
pulling power or magnetic force of attraction?
A magnet always has at least two poles and is
surrounded 'by a field of force. (W 159)
The force of attraction or repulsion between
two magnetic poles varies directly as the prod-
uct of the pole strengths and inversely as the
square of the distance between the poles.
(W 85)
Magnetic energy, or magnetism, extends in all
directions from a magnet through the space
around it. (J 1)
Pieces of iron, steel, cobalt or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
Any magnet sets up lines of force about the
poles of the magnet. (J 3)
Like magnetic poles always repel each other
and unlike magnetic poles always attract each
other. (W 54)
Book A, P- 375
Book B, P • 440
Book c. P- 4S0 Manual
,
p. 123
Book D, P- 196
Book 2, p. 369 Manual P. 95
Book o, p. 428
Book N, P- 323
Book o, P- 416
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COMPOSITE EXPERIMENT III
Question: What parts of a magnet have the greatest
pulling power?
Materials: Bar magnet.
Horseshoe magnet.
Iron filings or nails.
Procedure: 1. Sprinkle some iron filings or nails
evenly over a piece of paper.
2. Lay the bar magnet flat on the filings.
3. Lift it gently. To what parts of the
magnet do most of the filings or nails
cling?
|
4. Repeat the experiment, using a horse-
shoe magnet. To what parts of this mag-
net do most of the filings or nails
cling?
Conclusion: A magnet has greater pulling power or mag-
netic force of attraction at the poles.
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COMPOSITE EXPERIMENT IV
Topic ;
Question ;
Principles :
References
:
Magnetic Attraction
Can the magnetism he removed from a magnet
hy heating it or jarring it?
Magnets depend for their properties upon
the arrangement of the. metallic ions of
which they are made. (W 219)
Like magnetic poles always repel each other
and unlike magnetic poles always attract
each other. (W 54)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (J 1)
The force of attraction or repulsion be-
tween two magnetic poles varies directly
as the product of the pole strengths and
inversely as the square of the distance
between the poles. (W 85)
Pieces of iron, steel, cobalt or nickel
may become magnetized by induction when
placed within a magnetic field. (W 102)
A magnet always has at least two poles
and is surrounded by a field of force.
(W 15S)
Book B, p. 441
Book C, p. 460 Manual, p. 124
Book J Manual
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Question ;
Materials ;
Procedure
:
Conclusion:
COMPOSITE EXPERIMENT IV
Can the magnetism he removed from a magnet
by heating it or by jarring it?
Iron bolt.
Magnet
.
Iron filings.
Pliers
Heat.
Hammer
1. Magnetize the bolt by stroking it with
a magnet.
2. Test it with iron filings to prove that
it is a magnet.
3. Holding the bolt with pliers, heat it
red hot in a flame.
4. Let the bolt cool. Then test it. What
do you find?
5. Again magnetize the bolt and test it for
magnetism.
6. Strike the bolt several hard blows with
a hammer.
7. Again test the bolt for magnetism. What
do you find?
Magnets can be made to lose their magnetism
by heating them or jarring them suddenly.
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Topic :
Question :
Pr incioles
:
References:
COMPOSITE EXPERIMENT V
Magnetic Field
What is the nature of the magnetic field of
force that surrounds a magnet?
A magnet always has at least two poles and
is surrounded by a field of force. (Y« 159)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (J 1)
Any magnet sets up lines of force about the
poles of the magnet, (j 3)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles. (W 85)
Pieces of iron, steel, cobalt or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
Like magnetic poles always repel each other
and unlike magnetic poles always attract
each other. (W 54)
Book A, P- 375
Book B, P- 444
Book c, P- 460 Manual
,
p. 125
Book D, P- 199
Book E, P- 370 Manual P- 96
Book F, p. 236 Manual p. 103
Book p. 431
Book L, P- 389
Book N, P- 323
Book o, p. 417
v m, xavixa iii&oc. u o
.
' Jblsi't oid'! or 3 'to ai/jtfsr: &.i ) ax *;..•
.
,
'
!
c
>r •
;
-.
.•
• i j.
:
1 .1
.
(I V • f i >/j ’i, - Ar'Te
'
v .
•:
31.
t . ,
("
.! .
r
- ei">: . i
.
7*
. :
-
"•
c
. .
<
: L
t . ,
r
.
.
•
. . :
;
.
.
: f
'
;
_
/
:
:
COMPOSITE EXPERIMENT V
Question:
Materials;
Procedure:
Conclusion:
What is the nature of the magnetic field of
force that surrounds a magnet?
Bar magnet.
U-shaped magnet.
Sheet of stiff paper.
Iron filings.
1. Place the bar magnet on the table between
two books that are a little thicker than
the magnet.
2. Place the piece of stiff paper on the
books
.
3. Sprinkle iron filings evenly over the
paper
4. Gently tap the paper, noticing the pat-
tern the filings take.
5. Repeat the experiment, using the U-shaped
magnet
.
6. Did the magnetism pass through the paper?
7. Notice the pattern that the filings take.
Magnetism extends in all directions from a
magnet through the space around it. This
space in which the magnet acts is called
the magnetic field.
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COMPOSITE EXPERIMENT VI
Topic :
Question :
Principles ;
References:
Magnetic Lines of Force
How can a permanent record of a magnetic field
showing the "lines of force" be made?
A magnet always has at least two poles and is
surrounded by a field of force. (W 153)
Magnetic energy, or magnetism, extends in all
directions from a magnet through the space
around it. (J 1)
Any magnet sets up lines of force about the
poles of the magnet. (J 3)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles. (W 85)
Pieces of iron, steel, cobalt or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
Like magnetic poles always repel esch other
and unlike magnetic poles always attract each
other. (W 54)
Book A, P- 375
Book B, P* 443
Book C Manual
,
Book D, P- 193
Book E, P. 370
Book P- 431
Book L, P- 389
Book N, P- 323
Book o, P. 417
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COMPOSITE EXPERIMENT VI
Question:
Materials:
Procedure
:
How can a permanent record of a magnetic
field showing the "lines of force" be
made?
Bar magnet
.
Horseshoe magnet
.
Iron filings
.
Paraffin
.
Long shallow oblong cake tin.
Source of heat.
1. Place the bar magnet on a sheet of paper
and trace the outline of it.
2. Melt enough paraffin in the cake tin to
fill it to the depth of half an inch.
3. Dip the sheet of paper in the hot par-
affin .
4. Lift it out by one corner and hold it
. until it is hard.
5. Lay this sheet over the bar magnet so
that the outline of the bar magnet is
over the bar magnet.
6. Sift iron filings over the paper.
7. Gently tap the paper with a pencil.
8. The filings will arrange themselves in
lines called "lines of force".
S. Carefully lift the paper horizontally.
10. Hold it over a lamp or gas burner until
the paraffin melts.
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COMPOSITE EXPERIMENT VI (Concluded)
Conclusion:
11. Remove paper from the heat but keep it
horizontal until the paraffin hardens
again
.
12. Repeat entire procedure with the horse-
shoe magnet.
A permanent record of the magnetic field
filled with the "lines of force" which cause
magnetic substances to be attracted by a mag-
net can be made by sifting iron filings on
dry paraffined paper, melting the paraffin
and letting the paraffin harden.
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COMPOSITE EXPERIMENT VII
Topic :
Question :
Principles :
References
;
Induced Magnetism
How can a magnet be made by induction?
Pieces of iron, steel, cobalt or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
Magnets depend for their properties upon
the arrangement of the metallic ions of
which they are made. (W 219)
Magnetic energy, or magnetism extends in
all directions from a magnet through the
space around it. (J 1)
Any magnet sets up lines of force about
the poles of the magnet. (J 3)
The force of attraction or repulsion be-
tween two magnetic poles varies directly
as the product of the pole strengths and
inversely as the square of the distance
between the poles. (W 65)
A magnet always has at least two poles
and is surrounded by a field of force.
(W 159)
Like magnetic poles always repel each
other and unlike magnetic poles always
attra.ct each other
.
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COMPOSITE EXPERIMENT VII
Question :
Materials
:
Procedure:
How can a magnet be made by induction?
Bar magnet
.
U-shaped magnet.
Iron filings.
Large nail.
1. Pick up the nail with the bar magnet.
2. Dip the nail which is clinging to the mag-
net into some iron filings.
3. Does the nail attract the iron filings?
4. Now pull the nail away from the magnet.
What happens to the iron filings?
5. The nail which was made of soft iron was
magnetized temporarily .
6. The nail became a temporary magnet. When
did the nail lose its magnetism?
Conclusion : A magnet can be made by induction by bringing
a piece of iron nea.r a magnet.
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COMPOSITE EXPERIMENT VIII
Topic :
Question :
Principles :
References
:
Law of Magnetic Poles
What happens when the same kinds and differ-
ent kinds of poles of two magnets, one of
which is free to move, are brought near each
other?
Like magnetic poles always repel each other
and unlike magnetic poles always attract
each other. (W 54)
A magnet always has at least two poles and
is surrounded by a field of force. (W 159)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles
.
(W 65)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (J 1)
Book A, P- 375
Book B, p. 442
Book c, P- 460 Manual
,
p. 124
Book D, P- 197
Book E, P- 369 Manual P- 95
Book F, P- 234 Manual P. 103
Book G, P- 430
Book J, P. 192
Book L, P- 386
Book N, P- 323
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Materials:
Procedure
:
Conclusion:
COMPOSITE EXPERIMENT VIII
What happens when the same kinds and differ-
ent kinds of poles of two magnets, one of
which is free to move, are brought near each
other?
Two bar magnets on which the north and south
poles are marked; a piece of string; a bent-
hook stand or a. wooden arm that has been
attached at right angles to the wall.
1. Label one bar magnet A and the other one
B.
2. Hang up bar magnet A by a piece of string
so that it can swing about freely. Let
it come to rest.
Note : A bar magnet hung so that it can
turn freely will always point north and
south
.
3. Bring the north pole of magnet 3 near the
north pole of magnet A. What happens?
4. After the suspended magnet A has come to
rest again, bring the south pole of mag-
net 3 near the north pole of magnet A.
What happens?
5. Test the south pole of the suspended mag-
net A with both poles of magnet 3. What
happens in each test?
6. As a check experiment repeat procedures
3, 4 and 5 until you are certain you know
exactly what occurs.
7. When the magnets cling together we say
they - - - - each other. When they push
each other away we say they - - - - each
other
Like magnetic poles repel each other and un-
like magnetic poles attract each other.
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Question ;
Principles :
References :
Composite Experiment IX
Magnetic Compass
How can a magnetic compass be made?
When a magnet is allowed to float or swing
freely it will turn until it points north
and south. (J 5)
Like magnetic poles always repel each other
a.nd unlike magnetic poles always attract
each other. (W 54)
A magnet always has at least two poles and
is surrounded by a field of force. (W 15 S)
Magnets depend for their properties upon
the arrangement of the metallic ions of
which they are made. (W 219)
Pieces of iron, steel, cobalt or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles. (W 85)
Any magnet sets up lines of force about the
poles of the magnet. (J 3)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (J 1)
Book A, P. 376
Book B, P- 447
Book c, P- 460 Manual
,
P • 123
Book D, P- 197
Book 2, P- 369 Manual P- 95
Book F, P- 237 Manual , P- 104
Book 0, P- 429
Book I, P- 222
Book K, P. 191
Book L, P- 386
Book o, P- 416
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Question :
oj i> r. I
Materials:
Procedure:
Conclusion:
COMPOSITE EXPERIMENT IX
How can a magnetic compass be made?
'• n
Steel sewing needle (the long type used for
embroidering is good)
.
Small cork
.
Magnet - either bar or U-shaped.
Tumbler or porcelain vessel (cup) partly
filled with water.
1. Magnetize the sewing needle by stroking it
with the bar or U-shaped magnet. Always
begin stroking it at one end of the needle
and stroke each time in the same direction.
2. Push the needle (which is now a bar magnet)
through the cork
.
3. Place the cork in the partly filled tumbler
of water so that the needle will float
above the surface of the water.
4. Answer these questions;
a. Does the needle turn around until it
points in any certain direction?
b. If it does so turn, in which direction?
c. Move the needle in different directions
.
Will it turn of itself so as to point
in another direction?
d. Does the floating needle act like a
compass? Why?
e. Could an iron vessel be used instead of
a glass or porcelain vessel? Why?
A ma.gnetic compass can be made by inserting a
magnetized needle in a small cork and float-
ing it on the surface of water.
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Topic :
Question :
Principles
:
i
References
:
COMPOSITE EXPERIMENT X
The Dipping Needle
Kow can the action of the dipping needle be
illustrated?
Like magnetic poles always repel each other
and unlike magnetic poles always attract
each other. (W 54)
A magnet always has at least two poles and
is surrounded by a field of force. (W 159)
when a magnet is allowed to float or swing
freely, it will turn until it points north
and south. (J 5)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (j 1)
Fieces of iron, steel, cobalt or nickel may
become magnetized by induction when placed
within a magnetic field. (W 102)
Magnets depend for their properties upon the
arrangement of the metallic ions of which
they are made. (W 219)
The force of attraction or repulsion between
two magnetic poles varies directly as the
product of the pole strengths and inversely
as the square of the distance between the
poles. (W 85)
Book 3, p. 444
Book D, p. 200
Book F, p. 164
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Question :
Materials :
Procedure :
I
Conclusion:
CG:,IP 03 ITS EXPERIMENT X
How can the action of the dipping needle he
illustrated?
Two steel knitting needles.
A cork
.
A large pin.
Two glass cups
.
1. Stick the needles half their length through
the cork, at right angles to each other.
2. Set the cups a short distance apart.
3. Place the ends of one needle on the cups
in such a way that the second needle bal-
ances and points north and south.
4. If the second needle doesn't balance, stick
a pin in the cork so as to make it balance.
5. Lift off the device (the needles, cork and
pin) and magnetize the balanced needle.
6. Replace the device in the same position.
7. What happens to the north pole of the mag-
netized needle?
The action of the dipping needle may be illus-
trated by the dipping of the north pole of a
magnetized needle that has been balanced so
as to permit it to swing up and down vertically.
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COMPOSITE EXPERIMENT XI
Topic: Relation of Magnetism to Electricity
Question: How does an electric current flowing through
a horizontal wire affect a compass needle
under or above and parallel to the wire?
Principles
:
An electrical charge in motion produces a
magnetic field about the conductor, its
direction being tangential to any circle
drawn about the conductor in a plane perpen-
dicular to it. (W 11)
Pieces of iron, steel, cobalt or nickel ma.y
become magnetized by induction when placed
within a magnetic field. (W 102)
References:
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COMPOSITE EXPERIMENT XI
Question:
Materials
:
Procedure:
Conclusion:
How does an electric current flowing through
a horizontal wire affect a compass needle
under or above and parallel to the wire?
Compass
.
Dry cell.
Piece of copper wire (about 3 feet long)
.
1. Attach the two ends of the copper wire to
a dry cell.
2. Hold the wire taut with both hands just
above the compass needle and parallel
(not crosswise) to the needle.
3. What happens to the needle?
4. Turn the wire around so that it is still
parallel but with its ends in the opposite
direction.
5. What happens to the needle?
A horizontal wire carrying an electric cur-
rent causes a compass needle under or above
it to move until it is perpendicular instead
of parallel to the wire.

COMPOSITE EXPERIMENT XII
Topic :
Question:
Principles:
Static or Frictional Electricity
Can electric sparks be produced, by shuffling
the feet on a carpet and then touching some-
thing?
An electric current may be produced in three
ways: by rubbing or friction, by chemical
action, and by the use of a magnetic field.
(W 47)
In an uncharged body there are as many pro-
tons as electrons and the charges neutralise
each other while a deficiency of electrons
produces a plus charge and an excess of elec-
trons produces a negative charge. (W SO)
Like electrical charges repel and unlike
electrical charges attract.
.
(W
References: Book A, P- 367
Book B, P- 454
Book C Manual
,
P- 115
Book D, p. 203
Book 2, P- 372 Manual P. 97
Book F, p. 228 Manual P* 99
Book K, P- 189
Book o, P- 416
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COMPOSITE EXPERIMENT XII
Question :
Materials :
Procedure:
Conclusion:
Can electric sparks be produced by shuffling
the feet on a carpet and then touching some-
thing?
Rug or carpet.
Clear cold day.
1. Shuffle over a rug or carpet.
2. Then bring a finger near a metal object
such as a radiator or near another per-
son's ear.
3. What happens?
4. What other experience have you had with
electric sparks?
5. What weather conditions are best for pro-
ducing electric sparks?
Electric sparks due to friction can be pro-
duced by shuffling the feet on a carpet and
then touching something.
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C0MPG3ITE EXPERIMENT XIII
Topic ;
Question;
Principles
:
References
;
Static or Frictional Electricity-
How can sta.tic or frictional electricity be
produced?
An electric current may be produced in three
ways: by rubbing or friction, by chemical
action, and by the use of a magnetic field.
(W 47)
In an uncharged body there are as many pro-
tons as electrons and the charges neutralize
each other while a deficiency of electrons
produces a plus cha.rge and- an excess of elec-
trons produces a negative charge. (W 90)
Like electrical charges repel and unlike
electrical charges attract. (W 25)
Book A, P- 367
Book B, P- 454
Book C
,
P- 443 Manual
,
P- 115
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Book E, P- 372 Manual P • 97
Book F, p. 226 Manual P- 99
Book K, P. ISO
Book 0 Manual P. 220
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Question :
Materials ;
Procedure ;
Conclusion:
COMPOSITE EXPERIMENT XIII
How can static or frictional electricity be
produced?
Some tiny pieces of paper.
A glass rod.
A hard rubber rod (a fountain pen or comb
may be used if they are made of hard rubber)
.
A piece of fur.
A piece of silk.
A piece of woolen cloth.
1. Touch the bits of paper with the glass
rod. What happens?
2. Rub the rod briskly with the piece of fur.
3. Now touch the bits of paper with the rod.
What happens?
4. Repeat this test using the glass rod rubbed
with the piece of silk and the hard rubber
rod rubbed with the piece of fur and then
rubbed with the piece of silk.
5. What happens each time?
6. When rubbing a substance gives it the prop-
erty of attracting other light bodies we
say the substance has been electrified by
7.
The electricity produced is called - - - -
electricity.
Static or frictional electricity can be pro-
duced by rubbing or friction.
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COMPOSITE EXPERIMENT XIV
Topic ;
Questi on;
Principles ;
References:
Static or Frictional Electricity-
How do different kinds of electrical charges
act toward one another?
Like electrical charges repel and unlike elec-
trical charges attract. (W 23)
An electric current may he produced in three
ways: by rubbing or friction, chemical action,
and the /use of a magnetic field. (W 47)
In an uncharged body there are as many pro-
tons as electrons and the charges neutralize
each other while a. deficiency of electrons
produces a plus charge and an excess of elec-
trons produces a negative charge. (A 90)
Book A
,
P. 368
Book B, P- 454
Book o, p. 433
Book o, P- 204
Book E, P* 373
Book K, P- 190
Book N, P- 329
Manual, p. 116
Manual, p. 103
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Question;
Materials:
procedure:
POMPOS ITS EXPERIMENT XIV
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How do different kinds of electrical charges
act toward one another?
Needle
.
Hard rubber comb or pen.
Silk thread.
Bit of cork.
Piece of woolen cloth.
Support
.
1. Thread the needle with the silk thread.
2. String the bit of cork on the silk threhd
and suspend it from the support.
3. Electrify the pen or comb and the woolen
cloth by rubbing the pen briskly with the
cloth.
4. Touch the cork with the pen so that the
cork will have some of the same charge
of electricity that was on the pen.
5. Now bring the minus-charged pen near the
minus-charged cork.
6. Do the two minus charges attract each
other or repel each other?
7. Again rub the pen briskly with the woolen
cloth.
8. Charge the cork by allowing it to touch
the pen.
9. Now bring the plus-charged cloth near the
minus-charged cork.
10.
Do the unlike charges attract each other
or repel each other?
Conclusion: Electric charges of the same kind repel each
other. Electric charges of opposite* kinds
attract each other.
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Topic :
Question :
Princioles
:
References:
COMPOSITE EXPERIMENT XV
Conductors and Insulators
How can substances be tested to see if they
are conductors or non-conductors (insulators)
of electricity?
An electric current may be produced in three
ways: by rubbing or friction, chemical action,
and the use of a magnetic field. (A 47)
An electric current will flow in the external
circuit when two metals of unlike chemical
activity a.re acted upon by a conducting solu-
tion, the more active metal being charged
negatively. (A 18)
Electrons will always flow from one point to
another along a conductor if this transfer
relea.ses energy. (V; 21)
All materials offer some resistance to the
flow of an electric current, and that part
of the electrical energy used in overcoming
this resistance is transformed into heat
energy. (W 43)
Book A, P- 358
Book 3, P- 459
Book o, P- 443
Book D, P • 205
Book E, P. 378
Book F, Manual, p. 99
Book &> p. 445
Book J, p. 202
Book K, P. 192
Book o, P- 424 Manual, p. 222
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Materials:
Procedure:
Composite Experiment XV
How can substances be tested to see if they
are conductors or non-conductors (insulators)
of electricity?
Electric bell connected by bare wires to one
or more dry cells# Several of the following
substances:
iron, steel, copper, brass, silver, painted
and bare metal objects, paper, paper clips,
porcelain, glass, carbon (lead from a pencil
will do), chalk, wood, rubber, wool, paraffin#
Some of these solutions:
pure water in a clean glass, pure water with
a handful of table salt added, lemon juice or
vinegar in water, baking or washing soda in
water.
1# Test the circuit by ringing the bell# Ex-
plain that the current is flowing through
the closed circuit.
2# Break the circuit by cutting one of the
wires a short distance from the dry cell#
3# Now try the bell# It does not ring be-
cause - - - -*
4. Explain that if any of the substances con-
duct electricity across this break the bell
will ring,
5# Test each substance by touching the bare
ends of the wire to two points on the sub-
s tance#
6. When the bell rings the substance tested
is a - - -
7# When the bell does not ring the substance
tested is a- * - - conductor or even a
- - -
- conductor.
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COMPOSITE EXPERIMENT XV (Concluded)
Conclusion:
8* Another name for a nonconductor is an
In general, the metals and some solutions
such as - - - - are good conductors; the
nonmetals (except carbon) and some solutions
such as - - - - are poor conductors or
insulators
•
—t
'
•
-
- - - -
- - -
~
.
.
'
COMPOSITE EXPERIMENT XVI
Topic :
Question :
Principles :
References
:
The Electric Circuit
.7hat is an electric circuit?
An electric current will flow in the exter-
nal circuit when two metals of unlike chem-
ical activity are acted upon by a conduc-
ting solution, the more active meta.l being
charged negatively, (ft 18)
An electric current may be produced in three
ways: by rubbing or friction, chemical action,
and the use of a magnetic field. (/7 47)
All electric cells change chemical energy in-
to electrical energy. (J 2)
Book B, P • 467
Book c, p. 432 Manual,
Book D, P. 208
Book E, p. 380
Book 0, P- 445
Book I, P. 352
Book J, P- 195
Book L, P- 394
Book o, P* 423
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Ques tion:
Materials:
Procedure:
Conclusion:
COMPOSITE EXPERIMENT XVI
What is an electric circuit?
A dry cell.
Two pieces of copper wire (no. 18)
An electric bell
1. Connect one wire from either pole
(binding post) of the dry cell to the bell.
Caution: Do not connect a wire to the zinc
binding post on the cover of the dry cell
and to the carbon in the center, for that
will short circuit the cell and ruin it.
2. Does the bell ring?
3. Now connect the other wire to the other
binding post of the dry cell and to the
other post of the bell.
4. Does the bell ring?
The electric current makes a complete circuit
from the cell, through the bell, and back to
the cell.
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Topic :
Question :
Principles :
References
:
COMPOSITE EXPERIMENT XVII
The Simple Galvanic Cell
Can a simple cell consisting of two differ-
ent metals separated by an acid solution pro-
duce an electric current?
An electric current may be produced in three
ways: by rubbing or friction, chemical action,
and the use of a magnetic field. (W 47)
An electric current will flow in the external
circuit when two metals of unlike chemical
activity are acted upon by a conducting solu-
tion, the more active metal being charged
negatively. (V/ 18)
All electric cells change chemical energy in-
to electrical energy. (J 2)
Book A, p. 372
Book B, p. 461
Book C, P* 440 Manual, P* 117
Book D, P* 209
Book E, P* 382 Manual, p. 101
Book F, p. 229
Book G, P* 444
Book N, p. 328
Book 0
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Manual, P* 221
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Question:
Materials:
Procedure:
Conclusion:
COMPOSITE EXPERIMENT XVII
Can a simple cell consisting of two different
metals separated by an acid solution produce
an electric current?
A glass jar.
A strip of zinc (about 4” x 3" )•
A strip of copper*
Sulphuric acid*
Two copper wires*
Small electric bell*
1. In the jar make a solution of 4 parts water
and one part acid*
Caution : In diluting sulphuric acid with
water always pour the acid into the water*
Never pour water into acid, for the acid
mey be blown in your face*
2. Connect the electric bell to the metal
strips* Be sure the ends of the wires
are bare so that the bright copper touches
the metal plates*
3. Lower the zinc and copper strips Into the
acid solution*
4. Does the bell ring? - - -
A simple cell consisting of two different
metals separated by an acid solution produces
an electric current. The ringing of the bell is
proof of the current.
. ...——» «.—
*
'iXcip ari'i.to Z$ at!
’ l •• - • > V
''V > > i ao • [ r i> .)
JO- ' '-r
•
— Ivv ‘ c .'Li c ‘/a
• ‘I d , iv J ooJ
_1J j , ...
*
*
t .
* v
*
In :> o a 1
1
'» f- id- ,1 r . o D
,
*
•
- - •_
’
•
.
.
i' * .ji i,l-7 ro r ajR
* i-i •<
123
Topic :
Question :
Principles :
References
:
COMPOSITE EXPERIMENT XVIII
The Dry Cell
How is a dry cell constructed and what seems
to have happened inside a dry ceil when it
produced electricity?
An electric current may be produced in three
ways: by rubbing or friction, chemical action,
and the use of a magnetic field. (W 47)
An electric current will flow in the external
circuit when two metals of unlike chemical
activity are acted upon by a conducting solu-
tion, the more active metal being charged
negatively. (W 18)
All electric cells change chemical energy
into electrical energy. (J 2)
Book A, p. 372
Book B, p. 462
Book C, p* 448
Book D, p* 209
Book E, p. 383
Book L, p. 385
Book N, p. 331
Book 0, p. 422
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Ques tion :
Materials:
Procedure:
Conclusion:
COMPOSITE EXPERIMENT XVIII
How is a dry cell constructed and what seems
to have happened inside a dry cell when it
produced electricity?
A worn-out dry cell.
A knife.
A hammer.
Large newspaper.
1. Remove the pasteboard cover of the dry cell.
2. Look at the terminals on the top.
3. Notice the sealing compound made of pitch
or rosin sealing wax. This is an insula-
tor. Does electricity pass through it?
4. Spread out the newspaper. With a hammer,
break out the sealing compound.
5. Examine the zinc can. The white powdery
substance on the outside of the zinc is
called zinc chloride .
6. Cut open the can with a knife and remove
the carbon rod.
7. Is the black mixture moist or dry? A dry
cell is dry only on the - - - -. If the
inside becomes dry the cell Is ’’dead”
.
8. The black mixture contains chemical sub-
stances (sal ammoniac or ammonium chloride,
powdered carbon, zinc chloride, and manga-
nese dioxide)
.
9. When a wire connects the carbon terminal
with the zinc terminal electricity flows.
A dry cell is constructed of a zinc cup for
an outer terminal and a carbon rod for an
inner terminal. The zinc cup and the carbon
rod are separated by moist chemicals some of
which act on the zinc cup and use it when
electricity is produced by the dry cell.
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Topic :
Question :
Principles :
References:
COMPOSITE EXPERIMENT XIX
Series and Parallel Connections
How are dry cells connected in series and
in parallel? Is more, the same or lese cur-
rent available at any one time when dry cells
are connected in series instead of in paral-
lel?
In a series circuit the current is the same
in all parts, the resistance of the whole is
the sum of the resistance of the parts, and
the voltage loss of the whole is the sum of
the voltage losses of the parts. (W 139)
In a parallel circuit the total current is
the sum of the separate currents, the volt-
age loss is the same for each branch, and
the total resistance is leos than the re-
sistance of any one branch. (W 140)
Book A, P* 373
Book B, P« 471
Book c. P* 449 Manual, p. 121
Book E, P» 334
Book F, P* 231 Manual, p. 101
Book 0
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Question:
Materials:
Procedure:
Conclusion:
COMPOSITE EXPERIMENT XIX
How are dry cells connected In series and in
parallel? Is more, the same or less current
available at any one time when dry cells are
connected in series instead of in parallel?
Three dry cells.
Small electric bell.
Copper wire (no. 18).
1. Set the three cells in a row. Using a
piece of the copper wire join the cells
by connecting the zinc (negative post)
of cell A with the carbon (positive post)
of cell B.
2. Then join cell B to cell C in the same
way.
3. Connect the electric bell to the carbon
of cell A and the zinc of cell C.
4. The cells have been connected In series .
5. Disconnect the cells and the electric bell.
6. Join the cells together by connecting all
the zinc cups to one wire and all the car-
bon rods at the centers of the cells to
another wire.
7. The cells are now connected in parallel .
8. Connect the electric bell to these cells.
9. Is more, the same or less current avail-
able as Indicated by the loudness of the
bell when the cells are connected in se-
ries than when the cells are connected
in parallel?
When cells are connected in series there is
only one path for the current. When cells
are connected in parallel there are two or
more paths for the current. Cells are con-
nected in series by connecting the positive
post of one cell to the negative post of the
next cell and so on. Cells are connected in
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COMPOSITE EXP1RII15NT XIX ^Concluded)
parallel by connecting all positive posts
to one wire and all negative posts to
another wire. When dry cells are connect-
ed in series less current is available at
any one time than when the same cells are
connected in parallel.
* >
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Topic :
Question :
Principles:
References :
COMPOSITE EXPERIMENT XX
Electricity Produced by Induction: Generators
How can a magnet and a coil of wire be used
to make (generate) an electric current?
An electric current may be produced in three
ways: by rubbing or friction, chemical action,
and the use of a magnetic field. (W 47)
An e.m.f. is induced in a circuit whenever
there i3 a change in the number of lines of
magnetic force passing through the circuit.
(W 35)
The magnitude of an induced e.m.f. is pro-
portional to the rate at which the number of
lines of magnetic force change and to the
number of turns of wire in the coil. (W 72)
A magnet always has at least two poles and
Is surrounded by a field of force. (W 159)
Magnetic energy, or magnetism, extends in
all directions from a magnet through the
space around it. (J 1)
An electrical charge in motion produces a
magnetic field about the conductor, its di-
rection being tangential to any circle
drawn about the conductor in a plane perpen-
dicular to it. (W 11)
Book A, p. 396
Book B, p. 487
3ook C, p. 464
Book D, p. 223
3ook E, p. 387 Manual, P« 102
Book F, p. 240
Book L, p. 392
Book 0, p. 443
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Question :
Materials:
Procedure:
i
COMPOSITE EXPERIMENT XX
How can a magnet and a coil of wire be used
to make (generate) an electric current?
Bar magnet*
Coil of (no* 18) copper wire*
Magnetic compass*
1* Make a coil of the copper wire (at least
one hundred turns)*
2* Twist the ends of the wire below the coil
for a handle.
3* Complete the circuit by twisting together
the bare ends of the wire so as to make
firm contact.
4* Place the compass under the wire, having
the wire and the needle parallel*
5* Quickly thrust the bar magnet through the
coil.
6* Observe the compass* What has happened to
the needle?.
7. Moving the magnetic field through the coil
has produced - - - - ?
8. Hold the magnet stationary in the coil*
9* What do you notice about the compass needle?
10* Quickly pull the magnet back through the
hole in the coil.
11* Is the compass needle turned (deflected)?
In the same direction?
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COMPOSITE EXPERIMENT XX ( Concluded )
Conclusion : Current is generated when a closed coil of wire
is moved through the field surrounding a mag-
net or when a magnet is moved rapidly past a
coil of wire.
c£
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Topic :
Question :
Principles :
References:
COMPOSITE EXPERIMENT XXI
Electromagnets
How can an electromagnet be made?
Be made stronger?
Fieces of iron, steel, cobalt, or nickel may
become magnetized by induction when pls.ced
within a magnetic field. (.< 102)
A magnet always has at least two poles and is
surrounded by a field of force. (W 159)
Li-ce magnetic poles always repel each other
and unlike magnetic poles attract each other.
(W 54)
The force of attraction or repulsion between
two magnetic poles varies directly as the prod-
uct of the pole strengths and inversely as the
square of the distance between the coles.
(W 85)
Book A, P- 376
Book B, P- 450
Book c, P- 461 Manual
,
P- 126
Book D, P. 215
Book Tp^ 7 P- 385 Manual P • 104
Book 0, P- 435
Book J, P- 193
Book L, P- 390
Book N, P- 325
Book o, P- 419
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COMPOSITE EXPERIMENT XXI
7 b V
Question; How can an electromagnet be made?
Be made stronger?
Materials ; Two dry cells*
Large nail or spike.
Long piece of insulated rir°.
Procedure: 1. Wind the piece of wire around the layer at
least twenty times*
2* Fasten the two ends of the wire to the ter-
minals of the dry cell*
Note : Remove the insulation from the ends
of the wires before fastening them to the
terminals of the dry cell*
3* The nail is now an electromagnet*
w'*'
4* Test this electromagnet for magnetism by
trying to have it pick up small objects
such as thumb tacks, paper clips or iron
filings* Result?
5* Break the circuit by unfastening one end of
the wire from the dry cell*
6* Test the electromagnet for magnetism again*
Result?
7* The nail made of soft iron is called the
core .
8* Repeat the experiment using two dry cells*
Is the electromagnet stronger?
9. Again repeat the experiment using twice as
many turns of wire. Result?
Conclusion : An electromagnet can be made by sending a current
through insulated wire which has been wound in a
coil around a piece of iron* The electromagnet
can be made stronger by increasing the number of
dry cells alone and the number of turns of wire
,
alone, or by increasing both*
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COMPOSITE EXPERIMENT XXII
Topic ;
Question ;
Principles ;
References
:
The Electric Bell
V/hat makes an electric bell ring?
Energy can never be created or destroyed; ex-
cept it can be changed from one form to another
with exact equivalence. (W 17)
An electrical charge in motion produces a
magnetic field about the conductor, its direc-
tion being tangential to any circle drawn about
the conductor in a plane perpendicular to it.
(W 11)
Any magnet sets up lines of force about the
poles of the magnet, (j o)
Pieces of iron, steel, cobalt, or niccel may
become magnetized by induction when placed
within a magnetic field. (vV 103)
Like magnetic poles always repel each other
and unlike magnetic poles attract each other.
(W 54)
Electrons will always flow from one point to
another along a conductor if this transfer
releases energy. (.V 31)
Book A, P- 378
Book B, P- 480
Book o, P • 485 manual
,
P • 139
Book D, P- 317
Book E, P • 407 Manual P • 113
Book P- 456
Book J, P- 184 Menu'- 1 P- 91
Book N, P • 530
Book o, P- 434
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Question :
Materials:
Procedure:
( Optional
)
COMPOSITE EXPERIMENT XXII
What makes an electric bell ring?
Small electric bell.
Dry cell.
Push button.
Copper wire (no* 18).
1. Fasten one end of the wire to one of the
posts of the dry cell and the other end
of the wire to the electric bell.
2. Does the bell ring?
3. Add another wire from the bell to the
other post of the cell.
4. Does the bell ring?
5. We say the circuit is now - - - -.
6. Insert the push button In the circuit*
Now press the button.
7. What happens?
8. This button is used as a switch to - - -
the circuit when you want the bell to
ring and to - - - - the circuit when you
want the bell to stop ringing.
9. Examine the electric bell to find the
electromagnet. (One or two spools wound
with wire).
10. Trace the path of the current from the
terminal of the bell-
to the electromagnet,
to the bottom of the small post which
holds the contact screw,
to the iron vibrator (armature) /hich
touches the contact screw,
through the metal frame
to the other terminal of the bell,
through the wire back to the cell.
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Conclusion:
COMPOSITE EXPERIMENT XXII ( Concluded )
The electric bell rings when the button is
pushed because the circuit Is then closed
and the electromagnet attracts the iron
vibrator. Releasing the button breaks the
circuit*
(r
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Topic :
Question :
Principles ;
*
References
:
C-.i.iiFCbITii 1-. Pz.RIi.x^bT XXII
I
The electric motor
VXnat is the principle of the electric motor?
Energy can never be created or destroyed;
except it can oe changed from one form to
another with exact equivalence. (Vv 17)
When a current-carrying wire is placed in a
magnetic field ther? is a force acting on the
wire tending to push it at right angles to
the direction of the lines of force between
the magnetic poles, providing that t le wire
is not parallel to the field. (W 94)
Electrons will always flow from one point to
another along a conductor if this transfer
releases energy. (W 21)
A magnet always has at least two poles and is
surrounded by a field of force. (W 159)
Like magnetic poles always repel each other
and unlike magnetic poles always attract each
other. (W 54)
The force of attraction or repulsion between
two magnetic poles varies directly as the prod-
uct of the pole strengths and inversely as the
square of the distance between the poles. (W 85)
Book A, P- 398
Book B, P • 490
Book c, P- 463 Manual
,
P. 131
Book D, P- 225
Book P- 390 i-ianual p. 106
Book F, P- 258
Book P- 463
Book J> P- 195 Manual P- 92
Book L, P • 393
Book o, P* 441
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COMPOSITE EXPERIMENT XXIII
Ques ti on :
Materials
:
Procedure:
What is the principle of the electric motor?
Electromagnet. (Nail wound with wire connected
to dry cell.
)
Large needle.
Cork.
Dish of water.
Stiff copper wire. (about 2 ft.)
Horseshoe magnet.
1. Connect the electromagnet.
2. Magnetize the needle by stroking it on the
electromagnet. Remember to stroke it always
in the same direction.
3. After the needle has been strongly magnetized
thrust it through the cork and float it in
a dish of water.
4. Hold the electromagnet some distance above
the needle and make it turn around and around.
5. Now change the electromagnet, end for end,
and make the needle turn.
6. Does the electromagnet repel the needle?
7. Does the electromagnet attract the needle?
8. Now, connect the stiff copper wire to the
outside post of a dry cell. Extend the
wire upward about one foot or more, across
about two inches, and then downward to the
center of the dry cell, but don’t touch
the wire to the center post to close the
circuit.
9. Hold the poles of a horseshoe magnet above
and below the wire across at the top.
10.
What happens to the wire between the poles
of the horseshoe magnet when the circuit
is closed by touching the wire to the center
post and letting current flow through the
wire.
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COMPOSITE EXPERIMENT XXIII (Concluded)
Conclusion : The electric motor works upon the principle
that like poles repel and unli&e poles attract
each other, or that when a current-carrying
wire is placed in a magnetic field between
unlike magnetic poles there is a force acting
on the wire tending to push it at right angles
to the direction of the lines of force between
the poles*
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COMPOSITE EXPERIMENT XXIV
Topic ;
^uesti on :
rinciples ;
References
:
Electric Lighting
7/hat makes the light in an electric bulb?
Whenever electric currents flow through con-
ductors, some of the electrical energy is
changed to heat energy, and sometimes some
of it is changed to light energy, (j S)
When a substance is heated by electricity to
a sufficiently high degree of temper ture it
glows because a part of the heat energy has
been transformed into light energy. (J 11)
Energy can never be created or destroyed;
except it can be changed from one form to
another with exact equivalence
.
(W 17)
The amount of heat produced by an electric
current is proportional to the resistance,
the square of the current, and the time of
flow. (W15)
All wires carrying an electric current resist
the flow' of the current, (j 10)
Electrons will always flow from one point to
another along a conductor if this transfer
releases energy, (a LI)
Book A, p. 382
Book B,
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Book o, P- 472 Manual
,
P- 155
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COMPOSITE EXPERIMENT XXIV
Question :
Materials :
Procedure:
Conclusion:
What makes the light in an electric bulb?
Pendant miniature socket or porcelain-base
miniature socket.
Flashlight bulb.
Dry cell.
Bulbs of various sizes.
1. Connect the socket to the dry cell.
2. Screw in the bulb.
3. The glowing wire in the bulb is called
a filament.
4. Only wires of high resistance can be
used. Tungsten has high resistence.
Copper has low resistance.
5. Would you expect to find that filaments
used inside an electric bulb were made
of copper wire or of tungsten wire?
6. Examine the other bulbs and describe
what you see.
The light in an electric bulb is caused by
a glowing wire which has been heated by the
current.
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COMPOSITE EXPERIMENT XXV
Topic :
Ques tion:
Principles :
References :
Electric Eeating
Does a piece of wire have enough resistance
to the flow of electricity through it to pro-
duce heat? When current is flowing through
a wire, does a long wire or a shorter wire
of the same kind and size get warmer quicker?
Does a larger wire or a small wire of the
same kind and length get warmer quicker?
Does one kind of wire get warmer quicker
than a different kind of wire of the same
size and length?
All materials offer some resistance to the
flow of an electric current, and that part
of the electrical energy used in overcoming
this resistance is transformed into heat
energy. (W43)
The amouht of heat produced by an electric
current is proportional to the resistance,
the square of the current, and the time of
flow. (W15)
The resistance of a metallic conductor depends
on the kind of material from which the con-
ductor is made, varies directly with the
length, inversely with the cross-sectional
area, and increases as the temperature in-
creases* (W80)
Electrons will always flow from one point to
another along a conductor if this transfer
releases energy
. (W2lJ
Book A, P* 382
Book B, p« 485
Book C, P* 473 Manual, p. 135
Book D, P* 231
Book E, p. 402 Manual, P* 110
Book F, P* 243
Book I, P* 73
Book J, P* 199 Manual, P* 93
Book L, p. 394
Book 0, P* 424 Manua 1
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1
Question:
Materials:
Procedure:
COMPOSITE EXPERIMENT XXV
Does a piece of wire have enough resistance
to the flow of electricity through it to pro-
duce heat? When current is flowing through
a wire, does a long wire or a shorter wire
of the same kind and size get warmer quicker?
Does a larger wire or a smaller wire of the
same kind and length get warmer quicker?
Does one kind of wire get warmer quicker
than a different kind of wire of the same
size and length?
Dry cello
A piece of heavy copper wire, (about 2 ft.)
A piece of fine copper wire. (about 2 ft.)
A piece of nichrome wire.
Note: Nichrome is a nickel-chromium alloy.
1. Connect the two ends of the large copper
wire to the binding posts of the dry cell.
2. Let the current flow for only a few sec-
onds o
3. Does the wire get warm?
4. Shorten the wire by disconnecting one end
and sliding it along the binding post.
5. Let the current flow for a few seconds.
6. Does the shorter wire get warm?
7. Which gets warmer, the long wire or the
shorter one?
8. Repeat the experiment, using the other
pieces of wire.
9. Which gets warm quicker, the larger cop-
per wire or the smaller copper wire of
the same length?
10
Which gets warmer quicker, the copper
wire or the nichrome wire?
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COMPOSITE EXPERIMENT XXV
Conclusi on: A piece of wire has enough resistance to produce
heat when a current Is passed through it* The
greater the resistance of the wire to the flow
of current the warmer the wire gets# The piece
of fine copper wire warms more than the piece
of heavy wire.. Nichrome offers more resistance
than copper (60 times that of copper) so more
heat i3 produced#
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COI-POo I Tii XXVI
Topic : Safety and Electricity
Question: How can two wires be joined (spliced)?
References : Boot 3, p. 460
Book C, p. 480
Book F, p. 224
Book J, p. 211
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Question :
Materials :
Procedure:
Conclusion:
COMPOSITE EXPERIMENT XXVI
How can two wires be joined (.spliced)?
Two pieces of an electric cord or wire*
Electrician's tape (friction tape)*
Knife.
1. Remove the insulation (the rubber, cloth
or thread which covers the wire) by scrap-
ing or cutting it off from the ends of the
wires where they are to be joined,,
2* Twist the bare ends of the wires tightly
around each other*
3. The necessary metal path for the electri-
city has now been made*
4* Wrap a layer or two of black sticky tape,
commonly called friction tape or electri-
cian's tape around the joint so as to
cover all the bare copper. This replaces
the insulation which was removed*
Two wires can be spliced if the ends are first
scraped bright, then twisted together and
finally covered with an insulating tape*
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COMPOSITE EXPERIMENT XXVII
Topic :
Question;
Principles ;
References
;
Fuses
How does a fuse protect the house from fire?
All materials offer some resistance to the
flow of an electric current, and that part
of the electrical energy used in overcoming
this resistance is transformed into heat
energy. (.» 42)
The amount of heat produced oy an electric
current is proportional to the resistance,
the square of the current, and the time of
flow. (W 15)
Book A, P. 381
Book 3, P- 486
Book c, P- 481
Book E, P- 403 Manual
,
P- 110
Book F, P- 253
Book P- 212
Book J, P- 205 Manual P- 94
Book 0, P- 425
,.
.
•
.
-
v/:
r '
•
«
COMPOSITE EXPERIMENT XXVII
Question: How does a fuse protect the house from fire?
Materials : Dry cell*
Single strand of picture cord wire*
Two plug fuses - a perfect fuse and a ’’burned
out” fuse*
Electric bell.
Procedure: 1* Show that wire with alow melting point
melts readily by holding the strand of
wire across the terminals of a dry cell*
2* Examine the perfect fuse to find these
parts: brass base, the porcelain plug,
the metal cap with a transparent window
and mo3t important of all the little
wire inside the cylinder*
3* Notice the label on the fuse* This shows
what flow of electricity the little wire
can take before melting.
4* Connect the perfect fuse, the electric bell
and the dry cell.
5. Does the bell ring?
6. Repeat this experiment using the ’’burned
out” fuse in place of the good one*
7* Does the bell ring?
8* The ’’burned out” fuse prevents the flow
of electricity*
9* How do£3 this protect the house?
10. Using a penny Instead of a fuse Is dangerous
because the melting point of the penny is
so much higher than the fuse that wires
could get red-hot before the penny melted*
The hot wires might cause a fire.
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COMPOSITE EXPERIMENT XXVII ( Concluded)
Cone luslon: When too much current flows, the wire In the
fuse melts and breaks the circuit before the
house wires become dangerously hot®
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AFP2NDIX B
GLOSSARY
Alternating current
,
or a-c : an electric current which
constantly reverses its direction through the circuit.
Ammeter ; an instrument for measuring, in amperes, the
amount of an electric current.
Amoere ; a unit used for measuring the amount of an electric
current
.
Armature : in a motor or dynamo, the coils of wire which ro-
tate between the magnetic poles of the field and in
which electric current is generated.
Battery ; two or more electric cells joined together.
Cell ; a device for obtaining current by changing chemical
energy into electrical energy.
Charging ; running an electric current through a storage
cell to store in it electrical energy in the form of
chemical energy.
Circui t; the complete path of an electric current.
Compass ; a device for determining direction by means of a
magnetic needle mounted freely on a pivot end always
pointing to the magnetic north pole.
Condenser ; a device for accumulating and holding a large
change of electricity in a small place.
Conductor ; a substance that will allow heat or electricity
to travel through it; for example, most metals are
good conductors of heat.
Current ; the flow of a stream of electricity.
Current electricity ; flowing electricity.
Direct current
,
or d-c ; an electric current that continues
to flow in the same direction through the circuit.
Dipping needle ; a magnetized steel needle balanced to ro-
tate vertically: used to locate magnetic ore and to
locate the magnetic poles of the earth.
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Dry cell : a device to su ply electric current: consists of
v a seeled zinc cylinder through the center of which
runs a carbon rod, the space between being packed with
certain chemicals.
Dynamo : an electrical generator: a machine for transforming
the kinetic (mechanical) energy of whirling coils of
wire into electrical energy in the form of a current.
Electricity : a form of energy.
Electric cell : a device for producing a current of electric-
ity.
Electric change : a quantity of electricity on a body.
Electric current ; a stream of electrons, or minus charges
of electricity, flowing through a wire or other con-
ductor .
Electric motor : a machine for changing electric energy to
the energy of motion.
Electric resistance : the opposition offered oy a conductor,
such as a wire, to the passage of an electric current
^
through it, causing heat.
Electrify : to charge with electricity, or electrical energy.
Electrification : state of Deing charged with electricity.
Electrodes : the plates in an electrolysis apparatus or in
an electric cell, to which the wires are attached.
Electrolysis : the breaking up of a substance into its ele-
ments by means of electricity, as the decomposition
of water into hydrogen and oxygen by electricity.
Electromagnet : a piece of soft iron made into a magnet by
an electric current in a wire coiled around the iron.
Electron : a small particle of matter, part of an atom, carry-
ing a negative electric charge.
Electroplating : the process of coating a cheaper meta.l with
silver
,
gold, or some other metal by means of electric-
ity.
Electroscope : an instrument used to determine the presence
of electricity.
Pfck Electrotyping : an electric process of making plates from
'
' type for use in printing.
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Faraday, Michael : English chemist (1791-1867)
.
Field magnets: U-shaped magnets or electromagnets used to
provide the magnetic field within which rotates the
armature of a magneto, dynamo or electric motor.
Fuse: a device placed in an electric circuit to prevent
overheating of the wires. When the wires reach a
dangerous temperature, a piece of metal in the fuse
melts and breaks the circuit, stopping the flow of
current
.
Galvanometer : an instrument for detecting an electric cur-
rent and for measuring its intensity and direction.
Galvano scope : an indicator of current.
Generator : a machine for transforming the kinetic (mechani-
cal) energy of whirling coils of wire into electrical
energy in the form of a current: a. dynamo.
Grounded circuit : in electricity, a path for the electrical
current which is made complete, so that the current
will flow through it, by connecting the wires from
both terminals with the earth instead of making the
entire path through metal.
Horsepower ; the unit of power, that is, of the speed with
wThich work is done; equal to 33,000 pounds lifted a
distance of 1 foot in 1 minute.
Induce : to lead in, as magnetism is induced in the soft-
iron core of an electromagnet.
Induced current ; a current of electricity generated in a
coil of insulated wire oy rotating it within the mag-
netic field of a magnet, or by moving a ma,gnet within
the coil.
Induced magnetism ; magnetism created in a piece of iron by
contact with, or nearness to, a magnet.
Induction : the process of magnetizing iron or steel by cring-
ing it into a magnetic field, that is, near a magnet:
the process of producing an electrical current in a
conductor in a. magnetic field.
Induction coil : an apparatus for transforming a direct current
by induction into an alternating current.
Insulation : covering that prevents the conduction of heat,
electricity, or sound.
Insulator : a body through which an electric current passes
slightly if at all. A body through which heat passes
with difficulty.
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Kilowatt ; a unit of power in electrical measurement which
is equal to 1000 watts.
Kilowatt hour: the amount of work: done by one kilowatt,
lOOO watts, of electric current in one hour.
Law of electrical charges : Unlike electrical charges attract
each other, and like charges reoel each other.
Law of magnetic poles
;
Like poles of magnets repel each other
and~unlike~ poles of magnets attract each other.
Lines of force: invisible lines indicating the shape and
extent of a magnetic field.
Leyden j ar : a device for storing static electricity.
Lightning : a discharge of electricity between two or more
clouds or between clouds and objects on the earth.
Lightning rod ; a metal rod that attracts and conducts to
the ground any lightning charges which may strike in
the near vicinity of the building to which the rod is
attached.
Lode stone : a piece of magnetite, 'iron ore, acting like a
magnet; hence that which strongly attracts.
Magnet : a piece of metal which will attract and hold to it-
self bits of iron and steel.
.agnetic field : the space around a magnet where the magnet
can exert force end do work upon iron and steel.
Magnetic induction ; the act or process of making a piece of
iron or steel into a magnet by merely bringing it near
a magnet.
Magnetic lines of forc e: the invisible lines of magnetic en-
ergy surrounding a magnet.
Magnetic needle : a slender bar or magnetized steel, suspend-
ed on a pointed pivot, which tends to point north* and
south.
Magnetic poles : either of the poles of a magnet: either of
two places on the earth's surface toward which the
compass needle points from any direction throughout
adjacent regions. These places are the North Magnetic
Foie and the South Magnetic Foie,
Magnetism : The character isitc of magnets that causes them
to a.t tract iron and steel.
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Magnetite ; an iron ore (iron oxide) having magnetic proper-
ties; also called lodestone
.
Magnetize ; to make a piece of iron or a coil of wire become
a magnet.
Magneto ; a dynamo in which the magnets are permanent magnets
rather than electromagnets.
Negative ; a kind of electrical charge.
Nonconductor ; an insula.tor; any substance through which elec-
trical currents or conducted heat pass with difficulty.
Oersted ; a Danish scientist who discovered the relationship
between electricity and magnetism.
Ohm ; the unit of electrical resistance.
Foie ; the point on a magnet where the magnetism is centered;
the terminal, or binding post, of an electrical cell.
Polarity ; the tendency of a magnet to assume a north and
south direction when suspended.
Proton ; a minute pa.rticle of positive electricity.
Receiver ; the earpiece of a telephone wrhich receives messages.
Resistance ; the opposition offered by a body to the passing
of an electric current.
Short circuit ; the passage of an electric current over a path
other than the one it was intended to take.
Static electricity ; electrical energy which is not flowing
as a current.
Storage battery; a collection of storage cells.
Storage cell ; a device for storing up electrical energy in
^Ihe form of chemical energy.
Switch ; an appliance for breaking and for completing an elec-
trical circuit.
Telegraph ; an instrument for sending and receiving messages
over a wire by completing and breaking a charged elec-
tric circuit.
Telegraph key ; an instrument for completing and breaking the
charged electric current in a telegraph.
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Telephone ; an instrument for sending and receiving the
sound of the human voice over a wire by means of
an electric current.
Terminal : one of the poles, or metal parts, of a cell or
other electrical device, to which the wires are con—
nected.
Tranformer : an electrical instrument to change the voltage
of a current.
Transmitter : that part of a telegraph or telephone by neans
of which messages are sent.
Tungsten: a hard gray metal used for electric-light fila-
ments.
Volt ; a unit of electrical resistance.
Voltmeter : an instrument for measuring volts.
Watt : a unit for measuring the amount of work an electric
current can do.
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